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Foreword 


It gives me great pleasure to pen down the Foreword to 
the 16th edition of Cunningham's Manual of Practical 
Anatomy. Just as the curriculum of anatomy is incom- 
plete without dissection, so also learning by dissection is 
incomplete without a manual. 

Cunningham's Manual of Practical Anatomy is one of 
the oldest dissectors, the first edition of which was pub- 
lished as early as 1893. Since then, the manual has been 
an inseparable companion to students during dissection. 

| remember my days as a first MBBS student, the only 
dissector known in those days was Cunningham's manual. 
The manual helped me to dissect scientifically, step by 
step, explore the body, see all structures as mentioned, 
and admire God's highest creation—the human body—so 
perfectly. As a postgraduate student | marvelled at the 
manual and learnt details of structures, in a way as if | 
had my teacher with me telling me what to do next. The 
clearly defined steps of dissection, and the comprehen- 
sive revision tables at the end, helped me personally to 
develop a liking for dissection and the subject of anatomy. 

Today, as a Professor and Head of Anatomy, teaching 
anatomy for more than 30 years, | find Cunninghams 
manual extremely useful to all the students dissecting and 
learning anatomy. 

With the explosion of knowledge and ongoing curricular 
changes, the manual has been revised at frequent intervals. 


The 16th edition is more student friendly. The language is 
simplified, so that the book can be comprehended by one 
and all. The objectives are well defined. The clinical appli- 
cation notes at the end of each chapter are an academic 
feast to the learners. The lucidly enumerated steps of dis- 
section make a student explore various structures, the lay- 
out, and relations and compare them with the simplified 
labelled illustrations in the manual. This helps in sequential 
dissection in a scientific way and for knowledge retention. 
The text also includes multiple-choice questions for self- 
assessment and holistic comprehension. 

Keeping the concept of ‘Adult Learning Principles’ in mind, 
i.e. adults learn when they ‘DO’, and with a global move- 
ment towards ‘Competency - based Curriculum’, students 
learn anatomy when they dissect; Cunninghams manual 
will help students to dissect on their own, at their own speed 
and time, and become competent doctors, who can cater to 
the needs of the society in a much better way. 

| recommend this invaluable manual to all the learners 
who want to master the subject of anatomy. 


Dr Pritha S Bhuiyan 

Professor and Head, Department of Anatomy 

Professor and Coordinator, Department of Medical Education 
Seth GS Medical College and KEM Hospital, Parel, Mumbai 


Preface to the sixteenth edition 


Cunningham's Manual of Practical Anatomy has been the 
most widely used dissection manual in India for many 
decades. This edition is extensively revised to meet the 
needs of the present-day medical student. 

Firstly, at the start of each chapter and at the begin- 
ning of the description of a region, introductory remarks 
have been added in order to provide context to the whole 
human body and to the practice of medicine. In order to 
appreciate the ‘big picture’, Chapter 1 (General introduc- 
tion) has been expanded and supplemented by new art- 
work. Throughout all three volumes, all anatomical terms 
are updated and explained using the latest terminology, 
and the language has been modernized. 

Dissection forms an integral part of learning anatomy, 
and the practice of dissection enables students to retain 
and recall anatomical details learnt in the first year of 
medical school during their clinical practice. To make 
the dissection process easier and more meaningful, in 
this edition, each dissection is presented with a heading, 
and a list of objectives to be accomplished. The details of 
dissections have been retained from the earlier edition 
but are presented as numbered, stepwise easy-to-follow 
instructions that help students navigate their way through 
the tissues of the body, and to isolate, define, and study 
important anatomical structures. 

This manual contains a number of old and new features 
that enable students to integrate the anatomy learnt in 
the dissection hall with clinical practice. Each region has 
images of living anatomy to help students identify on the 


skin surface bony or soft tissue landmarks that lie beneath. 
Numerous X-rays and magnetic resonance imaging fur- 
ther enable the student to visualize internal structures 
in the living. Matters of clinical importance, when men- 
tioned in the text, are highlighted. 

A brand new feature of this edition is the presentation 
of one or more clinical application notes at the end of 
each chapter. Some of these notes focus attention on the 
anatomical basis of commonly used physical diagnostic 
tests such as palpation of the arterial pulse or measure- 
ment of blood pressure. Others deal with the underlying 
anatomy of clinical findings in diseases such as breast 
cancer or the cervical rib syndrome. Common joint 
injuries to the knee and other limb joints are discussed 
with reference to the intra- and periarticular structures 
described and dissected. Effects of some common nerve 
injuries along the course of the nerve are described in 
a clinical context. Many clinical application notes are ina 
Q&A format that challenges the student to brainstorm the 
material covered in the chapter. Multiple-choice questions 
on each section are included at the end to help students 
assess their preparedness for the university examination. 

It is hoped that this new edition respects the legacy of 
Cunningham in producing a text and manual that is accu- 
rate, student friendly, comprehensive, and interesting, 
and that it will serve the community of students who are 
beginning their career in medicine to gain knowledge and 
appreciation of the anatomy of the human body. 

Dr Rachel Koshi 
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CHAPTER 1 


General introduction 


Human anatomy is the study of the structure of the 
human body. For descriptive purposes, the human 
body is divided into regions: head, neck, trunk, 
and limbs. The trunk is subdivided into the chest 
or thorax and the abdomen. The abdomen is fur- 
ther subdivided into the abdomen proper and the 
pelvis. As you dissect the body, region by region, 
you will acquire first-hand knowledge of the rela- 
tive positions of structures in the body. But before 
you begin, you need a vocabulary to define the po- 
sitions of each anatomical structure, and also an 
elementary knowledge of the kinds of structures 
you will encounter. 


Terms of position 


The body usually lies horizontally on a table dur- 
ing dissection, but the dissector must remember 
that terms describing positions are always used as 
though the body is in the anatomical position. 
In this position, the person is standing upright, 
with the upper limbs by the sides and palms of the 
hands directed forwards. 

Descriptive terms are used to indicate the position 
of structures as if the body were in the anatomical 
position [Fig. 1.1]. Superior or cephalic refers to 
the position of a part that is nearer the head, while 
inferior means nearer the feet. Caudal (towards 
the tail) can replace inferior in the trunk. Anterior 
means nearer the front of the body, and posterior 
means nearer the back. Ventral and dorsal may 
be used instead of anterior and posterior in the 
trunk and have the advantage of being appropriate 
also for four-legged animals (venter = belly; dorsum = 
back). In the hand, dorsal commonly replaces 


posterior, and palmar replaces anterior. In the 
foot, the corresponding surfaces are superior and 
inferior in the anatomical position, but these terms 
are usually replaced by dorsal (dorsum of the 
foot) and plantar (planta = the sole). 

Median means in the middle. Thus, the median 
plane is an imaginary plane that divides the body 
into two equal halves, right and left. Where the me- 
dian plane meets the anterior and posterior surfaces 
of the body are the anterior and posterior medi- 
an lines. A structure is said to be median when it is 
bisected by the median plane. Medial means nearer 
the median plane, and lateral means further away 
from that plane. The presence of two bones, one 
lateral and the other medial, in the forearm (radius 
and ulna) and leg (fibula and tibia) have resulted in 
the terms ulnar or radial side of the forearm, and 
tibial or fibular side of the leg. The words outer 
and inner, or their equivalents external and inter- 
nal, are used only in the sense of nearer the surface 
or further away from it in any direction; they are not 
synonymous with medial and lateral. Superficial, 
meaning nearer the skin, and deep, meaning fur- 
ther from it, are the terms most usually used when 
direction is of no importance. When describing the 
surfaces of a hollow organ, external refers to the 
outer surface, and internal to the inner surface. 

A sagittal plane may pass through any part of 
the body, parallel to the median plane. A coronal 
plane is a vertical plane at right angle to the me- 
dian plane. A transverse plane is a horizontal plane 
(perpendicular to both the above). All other planes 
are Oblique planes. 

Proximal (nearer to) and distal (further from) 
indicate the relative distances of structures from 
the root of that structure, e.g. the relative distance 
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Terms of position The terms superolateral and inferomedial, 
or anteroinferior and posterosuperior, or any 


Median Plane other combination of the standard terms, may be 
o used to show intermediate positions. 


Movements take place at joints and may occur in 
any plane, but are usually described in the sagit- 
tal and coronal planes [Fig. 1.1]. Movements of the 
trunk in the sagittal plane are flexion (bending 
anteriorly) and extension (straightening or bend- 
ing posteriorly). In the limbs, flexion is the move- 
ment which carries the limb anteriorly and folds it; 
extension is the movement which carries it posteri- 
orly and straightens it. (Note flexion and extension 
for the knee joint do not follow this rule. Flexion 


CENA of the knee folds the limb but results in the leg 
eect Horizontal Plane 
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being carried posteriorly.) At the ankle, the terms 
used are plantar flexion (movement towards 
the sole) and dorsiflexion (movement towards 
the dorsum). Movements of the trunk in the coro- 
nal plane (i.e. side-to-side movement) are known 
as lateral flexion. Movement of the limb away 
from the median plane is abduction, and move- 
ment towards the median plane is adduction. In 
keeping with this definition, at the wrist, abduc- 
tion refers to movement of the hand away from 
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“| be 277: the median plane towards the radial (thumb) side. 
bk oo: Abduction of the wrist is also referred to as radial 
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Distal (> = © deviation. Similarly, adduction of the wrist is also 
PLAE referred to as ulnar deviation. In the fingers and 
a toes, abduction means the spreading apart of, and 
o f pey adduction the drawing together of, the digits. In 
> 4 oo the hand, this movement is in reference to the line 
I ora cece of the middle finger. In the foot, it is in reference 
nes to the line of the second toe. The thumb lies at 
(Ventral) right angles to the fingers. Hence, abduction and 
adduction carry the thumb anteriorly and posteri- 
orly, respectively. 

Rotation is the term applied to the movement 
in which a part of the body is turned around its 
own longitudinal axis. In the limbs, lateral and me- 
dial rotation refers to the direction of movement of 
of the elbow from the root of the upper limb. the anterior surface. (When the front of the arm or 
Middle, or its Latin equivalent medius, is used to thigh is turned laterally, it is lateral rotation, and, 
indicate a position between superior and inferior when turned medially, it is medial rotation.) A spe- 
or between anterior and posterior. Intermediate cial movement in the forearm is the rotation of the 
is used to indicate a position between lateral and radius on the stationary ulna. This movement is 
medial. pronation. The hand moves with the radius and 





Fig. 1.1 Diagram illustrating some anatomical terms of position 
and movement. 


is turned so that the palm faces posteriorly. The op- 
posite movement is supination, and it turns the 
hand back to the anatomical position. 





Introduction to tissues of the body 


This section contains a brief account of the struc- 
tures you will come across as you dissect. Starting 
from the outermost covering—the skin—and work- 
ing inwards into the tissue, you will encounter 
connective tissue arranged as superficial and deep 
fasciae, blood vessels, nerves, muscles and ten- 
dons, and joints and bones. A brief description of 
the lymphatic system is included, even though you 
may not encounter this in dissection. 

The skin consists of a superficial layer of avas- 
cular, stratified squamous epithelium, the epider- 
mis, and a deeper vascular, dense fibrous tissue 
layer, the dermis. The dermis sends small peg- 
like protrusions into the epidermis. These protru- 
sions help to bind the epidermis to the dermis by 
increasing the area of contact between them. The 
skin is separated from the deeper structures (mus- 
cles and bones) by two layers of connective tissue, 
the superficial and deep fasciae [Fig. 1.2]. 


Superficial fascia 


This fibrous mesh contains fat and connects the 
dermis to the underlying sheet of the deep fascia. It 
is particularly dense in the scalp, back of the neck, 
palms of the hands, and soles of the feet, and binds 
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the skin firmly to the deep fascia in these situ- 
ations. In other parts of the body, it is loose and 
elastic, and allows the skin to move freely. 

The thickness of the superficial fascia varies with 
the amount of fat in it. It is thinnest in the eyelids, 
the nipples and areolae of the breasts, and in some 
parts of the external genitalia where there is no fat. 
In a well-nourished body, the fat in the superficial 
fascia rounds off the contours. Its distribution and 
amount vary in the sexes. The smoother outline 
of a woman’s figure due to the greater amount of 
subcutaneous fat is a secondary sex characteristic. 
The superficial fascia also contains small arteries, 
lymph vessels, and nerves. 


Deep fascia 


The deep fascia is the dense, inelastic mem- 
brane which separates the superficial fascia from 
the underlying structures. It surrounds the mus- 
cles and the vessels and nerves which lie between 
them. The deep fascia sends fibrous partitions, or 
septa, between the muscles to the periosteum of 
the bones. It forms a major source of attachment 
for many muscles. The deep fascia also forms tun- 
nels within which the muscles of a group can slide 
independently of each other. Such intermuscu- 
lar septa are better developed between adjacent 
muscles having different actions [Fig. 1.2]. In the 
wrists and ankles, the deep fascia is thickened 
to form retinacula which hold the tendons in 
place, against the joints on which they act [see 
Fig. 1.6]. 


Superficial fascia 


Deep fascia 


Cutaneous vessel in 
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Fig. 1.2 Cross-section through the arm showing the relationship of the skin, superficial fascia, cutaneous vessels and nerves, deep fascia, 


muscles, intermuscular septa, and bone to each other. 


Image courtesy of Visible Human Project of the US National Library of Medicine. 
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Blood vessels 


The blood vessels you will see and identify in dis- 
section are the arteries and veins. For the sake of 
completion, a note is added about the capillaries 
which lie between the smallest of the arteries—the 
arterioles—and the smallest of the veins—the 
venules. 


Arteries 


Arteries are blood vessels which carry blood from 
the heart to the tissues. The largest artery in the 
body is the aorta which begins at the heart and is 
approximately 2.5 cm in diameter. It gives rise to a 
series of branches which vary in size with the vol- 
ume of tissue each has to supply. These branch and 
re-branch, often unequally, and become successively 
smaller. The smallest arterial vessels (<O.1 mm in 
diameter) are known as arterioles. They transmit 
blood into the capillaries. 

In many tissues, small arteries unite with one 
another to form tubular loops called anastomo- 
ses. Such anastomoses occur especially around the 
joints of the limbs, in the gastrointestinal tract, 
and at the base of the brain. When one of the arter- 
ies taking part in the anastomosis is blocked, the 
remaining arteries enlarge gradually to produce a 
collateral circulation and maintain blood flow 
to the tissue. In some tissues, the degree of anasto- 
mosis between adjacent arteries may be so minimal 
that blockage of one vessel cannot be compensated 
for by the others. Arteries which are solely respon- 
sible for perfusion of a segment of tissue are called 
end arteries. When an end artery is blocked, the 
tissue supplied by it dies (for lack of collateral cir- 
culation). End arteries are found in the eye, brain, 
lungs, kidneys, and spleen. The nutrient artery 
is an artery supplying the medullary cavity of a 
long bone and is usually a branch of the main ar- 
tery of the region. 


Blood capillaries 


These microscopic tubes form a network of chan- 
nels connecting the arterioles and venules. The 
capillary wall consists of a single layer of flattened 
endothelial cells, through which substances are 
exchanged between the blood and tissues. The 
capillaries may be bypassed by arteriovenous 
anastomoses which are direct communications 
between the smaller arteries and veins. Arterioles, 
capillaries, and venules constitute the microcircu- 
latory units and are not seen by the naked eye. 


Veins 


Veins are blood vessels that carry blood to the 
heart. Blood flow in the veins is sluggish, and ve- 
nous return to the heart is aided by: (1) the pres- 
sure applied on veins by contracting leg muscles; 
and (2) the suction forces generated by the fall in 
intrathoracic pressure during inspiration. Valves 
in the veins prevent backflow of blood. The posi- 
tions of the valves in the superficial veins can be 
seen as localized swellings along their course when 
the veins are distended with blood. Communica- 
tions between superficial and deep veins permit the 
superficial veins to drain into deep veins. When- 
ever possible, you should slit open the veins in the 
different parts of the body to see the position and 
structure of the valves. 


Lymph vessels 


The lymph is a clear fluid formed in the interstitial 
tissue spaces. The lymph is transported centrally to 
the large veins in the neck by lymph capillaries. 

Lymph capillaries, or lymphatics, have a 
structure similar to that of blood capillaries but are 
wider and less regular in shape. They are more per- 
meable to particulate matter and cells than blood 
capillaries. Lymph nodes are firm, gland-like 
structures which filter the lymph. They vary in size, 
from a pinhead to a large bean, and lie along the 
path of lymph vessels. Small lymph vessels unite to 
form larger lymph vessels, many of which converge 
on a lymph node. The lymph passes through the 
node and leaves it in a vessel which usually con- 
verges on a secondary, and through it on a tertiary, 
lymph node. Thus, the lymph drains through a 
series of lymph nodes and is gathered into larger 
lymph vessels which enters a great vein at the root 
of the neck. The vessels which carry the lymph to a 
node are called afferent vessels; those that carry 
it away from a node are efferent lymph vessels 
(ad = to; ex = from; fero = carry). 

In the limbs, the lymph nodes are largest and 
most numerous in the armpit or axilla and groin. 
They are usually found in groups which are linked 
to each other by lymph vessels. 

The lymph vessels in the superficial fascia drain 
the lymph capillary plexuses of the skin. They con- 
verge directly on the important groups of lymph 
nodes situated mainly in the axilla, the groin [see 
Figs. 3.12, 13.8], and the neck. In the deeper tissue, 
most lymph vessels and nodes are situated along 
the deep veins. 


Lymph vessels are not demonstrated by dissec- 
tion but are described because of the importance 
of this system in clinical practice. Lymph vessels 
and nodes react to infection, and the vessels form a 
route for the spread of infection and malignancies. 


Nerves 


Nerves appear as whitish cords. They are made 
up of large numbers of fine filaments, the nerve 
fibres, which are of variable diameter, and are 
bound together in bundles by fibrous tissue. The 
fibrous tissue forms a delicate sheath—the en- 
doneurium—around each nerve fibre. Bundles of 
nerve fibres are enclosed in a cellular and fibrous 
sheath—the perineurium. And a collection of 
nerve bundles are enclosed in a dense, fibrous lay- 
er—the epineurium. 

Each nerve is the process of a nerve cell. (The 
cell body is located either within the spinal cord 
or near it in the dorsal root ganglion.) The nerve is 
enclosed in a series of cells—the Schwann cells— 
which are arranged end-to-end on the nerve. In 
a large-diameter nerve fibre, each Schwann cell 
forms one segment of a discontinuous, laminated 
fatty sheath—the myelin sheath. Such nerves 
are referred to as myelinated nerves and are 
white in colour. The gaps between the segments 
of myelin are known as nodes. Thinner nerves are 
simply embedded in the Schwann cells. They are 
grey in colour and are called non-myelinated 
nerves. 

Nerve fibres transmit nerve impulses either 
to or from the central nervous system. The fibres 
which carry impulses from the central nervous sys- 
tem are called efferent nerves. They innervate 
muscles and are also called motor nerves. Nerves 
which carry impulses to the central nervous sys- 
tem are afferent nerves. They transmit informa- 
tion from the skin and deeper tissues to the central 
nervous system and are the sensory nerves. 

Nerves are described as branching and uniting 
with one another. However, in reality, there is 
usually no division of the nerve fibre at the point 
of branching, and never any fusion of individual 
nerve fibres. At points described as branching of a 
nerve, nerve fibres from the parent stem pass into 
two or more separate bundles. At points where two 
nerves seemingly unite, two or more bundles merge 
into a single sheath. However, an individual nerve 
fibre would branch near its termination and may 
also give off branches (collaterals) at any point. 
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Fig. 1.3 Schematic diagram showing spinal nerves. 


Reproduced with permission from Drake, R. L. and Vogl, W., Mitchell, A. W. 
M. Gray’s Anatomy for Students. Copyright © 2005 Elsevier. 


Nerves may be classified as: (1) cranial nerves 
when they are attached to the brain (cranial nerves 
emerge from the skull or cranium); and (2) spinal 
nerves when they arise from the spinal cord. Spinal 
nerves emerge from the vertebral column through 
the intervertebral foramina [Fig. 1.3]. 


Spinal nerves 


There are 31 pairs of these spinal nerves, named 
after the groups of vertebrae between which they 
emerge—eight of the 31 pairs are cervical, 12 tho- 
racic, five lumbar, five sacral, and one coccygeal. 
All, except the cervical nerves, emerge caudal to 
the corresponding vertebrae. The first seven cer- 
vical nerves emerge cranial to the corresponding 
vertebrae; the eighth emerges between the seventh 
cervical and first thoracic vertebrae. 

Spinal nerves are attached to the spinal medulla 
by two roots—the ventral and dorsal roots [Fig. 1.4]. 
The ventral root consists of bundles of effer- 
ent fibres which arise from nerve cells in the spinal 
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Fig. 1.4 Diagram of a typical spinal nerve. 


medulla. The dorsal root consists of bundles 
of afferent fibres and a swelling formed by nerve 
cells—the dorsal root or spinal ganglion. The 
fibres in the dorsal root are processes of the cells in 
the spinal ganglion. 

The ventral and dorsal roots unite in the interver- 
tebral foramen and form the trunk of the spinal 
nerve. The trunk is short and consists of a mixture 
of efferent and afferent fibres. It divides into a ven- 
tral ramus and a dorsal ramus as it emerges 
from the intervertebral foramen. (Do not confuse 
the rami (branches), into which the trunk of the 
spinal nerve divides, with the roots which form it.) 
Both ventral and dorsal rami contain efferent and 
afferent fibres. 

The small dorsal ramus passes backwards into 
the muscle on either side of the vertebral column 
(erector spinae). Here it divides into lateral and me- 
dial branches which supply the erector spinae, and 
one of them sends a branch to the overlying skin. 
These cutaneous branches of the dorsal rami form 
a row of nerves on each side of the midline of the 
back [see Fig. 4.4]. 

The large ventral rami run laterally from the 
spinal trunk. In the thoracic region, the thoracic 
ventral rami run along the lower border of the 
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corresponding ribs. They form the intercostal (be- 
tween ribs) and subcostal (below rib) nerves (costa 
= a rib). Each ventral ramus supplies the muscle in 
which it lies and gives off lateral and anterior cuta- 
neous branches. The lateral and anterior cutaneous 
branches, together with the cutaneous branch of 
the dorsal ramus, supply a strip of skin from the 
posterior median line to the anterior median line. 
The strip of skin supplied by a single spinal nerve is 
known as a dermatome [see Fig. 3.6]. In practice, 
no area of skin is supplied solely by a single spinal 
nerve, because adjacent dermatomes overlap. The 
total mass of muscle supplied by a single spinal 
nerve is a myotome. It should be noted that mus- 
cles receive afferent, as well as efferent nerve fibres 
from the spinal nerves. 

The ventral rami of the cervical, lumbar, sacral, 
and coccygeal nerves differ from thoracic nerves, 
as they unite and divide repeatedly to form nerve 
plexuses. The upper cervical nerves form the cer- 
vical plexus. The lower cervical and first thoracic 
nerves form the brachial plexus which supplies the 
upper limb. The lumbar, sacral, and coccygeal ven- 
tral rami form plexuses of the same name. The first 
two are mainly concerned with the nerve supply of 
the lower limb. 
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Fig. 1.5 Schematic representation of the relationship of the sympathetic system to spinal nerves and the spinal medulla. Sympathetic 
efferent fibres (pre- and post-ganglionic, red) are shown on the right side; a somatic efferent fibre (black) and somatic and visceral afferent 


fibres (blue) on the left. 


Autonomic nervous system 


The sympathetic part of the autonomic nervous 
system is closely associated with the spinal nerve. 
Paired sympathetic trunks extend from the base of 
the skull to the coccyx, one on each side of the ver- 
tebral column. They are formed by a row of ganglia 
(groups of nerve cells) united by nerve fibres. 

In the thoracic and upper two or three lumbar 
segments, fine, myelinated fibres run from the ven- 
tral ramus to the sympathetic trunk. These are the 
white ramus communicans [Fig. 1.5]. Fibres 
in the white ramus communicans have their cell 
bodies in the spinal cord. They traverse the ventral 
root and enter the ventral rami. Within the sym- 
pathetic trunk, the fibres of the white ramus com- 
municans run longitudinally, up and down. They 
end on the nerve cells in the ganglia throughout 
the length of the sympathetic trunk. 

Each ventral ramus receives a slender bundle 
of non-myelinated nerve fibres (the grey ramus 
communicans) from the corresponding ganglion 


of the sympathetic trunk [Fig. 1.5]. The nerve fi- 
bres in the grey ramus communicans arise from the 
cells in a sympathetic ganglion. These fibres enter 
the ventral ramus and are distributed through all 
its branches. They also enter the branches of the 
dorsal ramus by coursing back in the ventral ramus. 
The sympathetic nerves innervate smooth mus- 
cles in the wall of the blood vessels and those as- 
sociated with hair follicles and sweat glands. Thus, 
each spinal nerve carries efferent fibres to these in- 
voluntary structures, in addition to efferents to the 
muscles which are under voluntary control. 

Through these nerves, the central nervous sys- 
tem controls the activity of the sympathetic part 
of the autonomic nervous system. It is important 
to note that the nerve fibres which connect the 
central nervous system to the sympathetic nervous 
system are found only in the thoracic and upper 
two to three lumbar spinal nerves. 

Fibres of the white rami communicantes which 
end in the ganglia of the sympathetic trunk are 
known as preganglionic nerve fibres. Fibres of 
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the grey rami communicantes which arise from the 
cells of the ganglia are known as post-ganglionic 
nerve fibres. 

In addition to the grey rami communicantes to 
the spinal nerves, the sympathetic trunk distrib- 
utes nerve fibres through branches which pass on 
to the arteries of the viscera [Fig. 1.5]. 

Parasympathetic nerves arise from the second, 
third, and fourth sacral segments of the spinal 
cord. They leave the spinal medulla through the 
ventral root and are distributed through branches 
of the ventral rami in these segments. 

From the information given above, it should be 
clear that branches of nerves to the skin (cutaneous 
branches) are not entirely sensory but also contain 
sympathetic efferents. Similarly, branches to mus- 
cles are not entirely efferent but also contain senso- 
ry and sympathetic fibres. Thus, the signs of nerve 
injury are not simply paralysis of muscle and loss 
of sensation, but also loss of sweating, blood vessel 
control, and loss of control over smooth muscles 
associated with hair follicles. 


Skeletal muscles 


The right side of Fig. 1.6 shows some of the skel- 
etal muscles of the body. Skeletal muscles produce 
movements at joints when they contract by ap- 
proximating the bones (or other structures) to 
which they are attached. Each muscle has at least 
two attachments, one at each end, and in gen- 
eral crosses at least one joint. The action of the 
muscle on the joint can be worked out from its 
attachments and from its relation to the joint. D 
Skeletal muscles are innervated by motor nerves. 
Damage to the nerve supplying the muscle results 
in denervation of the muscle and loss or weakness 
of muscle strength, i.e. paralysis. Muscles are most 
often used in groups, even in apparently simple 
movements, so that paralysis of a single muscle 
may not be noticed, except for a degree of weak- 
ness of the movements in which the muscle plays 
a part. Conducting a neurological examination 
on a patient suspected of having a nerve injury 
requires the testing of muscles supplied by the 
nerve. 

Muscles contract in two different ways to meet 
the demands placed on them: (1) isometric 
contraction is when the length of the muscle re- 
mains the same, but the muscle undergoes a change 
in tension; and (2) isotonic contraction is when 
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Fig. 1.6 General features of skeletal muscles and bones. 


the tension of the muscle remains the same, but 
the muscle undergoes a change in length. Isomet- 
ric contraction—without movements—occurs in 
all anti-gravity muscles when the person is stand- 
ing still. The tension developed in a muscle is 
equal to the load against which it is acting, and 
it keeps the body steady, without any change in 
length. Another example is the tension developed 
in the shoulder muscle (deltoid) when the arm is 
held outstretched. There are two types of isotonic 
contraction: concentric and eccentric. In the 
simplest of terms, concentric action is when a 
muscle shortens to produce a movement. In this 
situation, the tension developed in the muscle is 
greater than the load on it. On the other hand, 
eccentric action is when the tension developed 
in a muscle is less than the load acting against 
it, and the muscle lengthens to allow the move- 
ment to occur. (The muscle stretches gradually to 
control the speed and force of a movement that is 
opposite to the one produced when shortening.) 
For example, the deltoid muscle which passes over 
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Fig. 1.7 Schematic diagram showing various arrangements of muscle fibres and tendons. 


your shoulder acts to bring about abduction of the 
arm from the side of the body. This is its normal ac- 
tion. When the outstretched arm is lowered to the 
side, the deltoid lengthens under tension, so as to 
control the descent of the arm, a situation different 
to letting the arm fall passively against gravity. To 
test this, place your left hand on the skin over your 
right deltoid muscle, i.e. on the lateral surface of 
the shoulder below its tip [Fig. 1.6]. Now abduct 
the arm till it is horizontal, and feel the deltoid 
muscle hardening as it contracts (concentric action). 
Note that, as long as you hold the arm in this po- 
sition, the deltoid remains contracted and hard 
(isometric contraction). Now slowly lower the arm 
towards the side, and note that the deltoid remains 
contracted throughout the action (eccentric action). 
When a muscle shortens, either or both of its 
ends may move, but it is usual to consider one end 
(the origin) as fixed, and the other (the inser- 
tion) as mobile. The attachment which moves is 
determined by other forces in action at the time 
and is not an intrinsic property of the individual 
muscle. Thus, muscles passing from the leg into 
the foot will move the foot (keeping the leg steady) 
when the foot is off the ground, but will move the 
leg on the foot when the foot is on the ground. 
Similarly, muscles which are used to pull down- 
wards on a rope can also be used to climb up it. 
The fleshy part of a muscle (the muscle belly) 
is composed of bundles of muscle fibres held 
together by fibrous tissue within which they slide 
during contraction. The ends of the muscle fibres 


are attached to bone through fibrous tissue. (At 
times, the fibrous tissue is so short that the belly 
appears to be attached directly to bone.) More usu- 
ally, the fibrous tissue forms long, inelastic cords 
known as tendons, or thin, wide sheets called the 
aponeurosis, depending on the arrangement of 
the muscle fibres [Figs. 1.6, 1.7]. Tendons usually 
extend over the surface, or into the substance, of 
the muscle and thus increase the surface area for 
its attachment. Tendons also enable a muscle to: 
(a) act at a considerable distance from the muscle 
belly, e.g. muscles of the forearm that act on the 
fingers; and (b) change the direction of its pull by 
passing round a fibrous or bony pulley. In certain 
situations, bones called sesamoid bones develop 
within a tendon. Tendons which are compressed 
against a bony surface, e.g. the ball of the big toe, 
are protected by small, cartilage-covered sesamoid 
bones. The sesamoid bone slides on, and articulates 
with, the surface under pressure and prevents oc- 
clusion of blood supply to the tendon during com- 
pression. 

Where two flat sheets of muscle meet each other, 
they usually become tendinous, and their fibres 
interlock (interdigitate) to form a linear tendinous 
strip (raphe) uniting the muscles. Such raphes, 
unlike tendons or ligaments, can be stretched 
along their length by the separation of their inter- 
digitating fibres, even though the muscles form- 
ing them cannot be pulled apart. The flat muscles 
of the two sides of the abdominal wall meet in the 
anterior median plane, forming the largest raphe in 
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the body—the linea alba. The linea alba stretches 
freely in extension of the trunk but still holds the 
muscles. 

The strength of a muscle depends on the num- 
ber and diameter of its fibres. In some muscles, 
the number of fibres per unit mass of muscle is in- 
creased by the oblique arrangement of fibres to the 
tendon—like the barbs of a feather. The dorsal in- 
terossei of the hand have obliquely running fibres 
which converge on a central tendon. Muscles with 
this arrangement of fibres are termed bipennate 
muscles [Fig. 1.7] (vennate = feather). Multipen- 
nate muscles, like the deltoid and subscapularis, 
have a series of such intramuscular tendons. The 
obliquity reduces the power of each muscle fibre, 
but this loss is compensated for by the increase in 
number of muscle fibres. The diameter and power 
of individual muscle fibres are increased by exercise 
which causes an increase in the number of contrac- 
tile elements (myofibrils) in each fibre. 

Muscle fibres can only contract to 40% of their 
fully stretched length. Thus, the short fibres of 
pennate muscles are more suitable where power, 
rather than range of contraction, is required. As 
there is a limitation to how much a muscle can 
contract, long muscles which cross several joints 
may be unable to shorten sufficiently to produce 
the full range of movement at all joints. This is 
known as active insufficiency of a muscle and 
is exemplified by the fact that the fingers cannot 
be fully flexed when the wrist is flexed. (Ascertain 
this on your own wrist and fingers.) In the same 
way, Opposing muscles may be unable to stretch 
sufficiently to allow a movement to take place. 
This is known as passive insufficiency. A third 
set of muscles maybe is used to fix a joint (keep it 
steady), so that muscles producing movement can 
act effectively. Such muscles are called fixators or 
synergists. 

Muscles that are attached close to the joint on 
which they act have little mechanical advantage 
over the joint (which is the fulcrum), but great 
advantage in speed and range of movement of 
the bones (which are the levers) (example: attach- 
ment and action of the biceps brachii on the el- 
bow joint). In cases where muscles are clustered 
round a joint, they are less capable of movement 
but help in maintaining stability in all positions. 
These muscles act as ligaments of variable length 
and tension, in place of the usual ligaments which 
would restrict movement. The rotator cuff muscles 


of the shoulder joint are a good example of muscles 
which stabilize the shoulder but play little part in 
bringing about movements. 

The manner in which a muscle acts on a joint 
depends on its relation to the joint. It should be 
remembered, however, that any muscle may act 
concentrically, isometrically, or eccentrically. 

Muscles are supplied by numerous arteries and 
veins. The main artery and the motor nerve enter 
the muscle at a distinct neurovascular hilum 
(numerous smaller arteries enter elsewhere). Motor 
nerves entering the muscles carry impulses which 
cause the muscle to contract, and also sensory im- 
pulses from the muscle and tendon on the amount 
of tension and degree of contraction of the muscle. 
In addition, nerves transmit sympathetics to the 
blood vessels in the muscle. It is possible to stimu- 
late contraction in individual muscles by applying 
an electrical impulse to the skin overlying the neu- 
rovascular hilum. D Electromyography is a diag- 
nostic procedure based on this principle. It is used 
to assess the integrity of the motor nerve and mus- 
cle. A denervated, but otherwise healthy, muscle 
will contract when an electrical stimulus is applied 
to it. A dystrophic muscle, on the other hand, will 
not contract on external stimulation. 

Muscles are often classified in groups by the prin- 
cipal action they have on a particular joint, e.g. 
flexors, extensors, abductors, adductors. Although 
this classification is commonly used, it should be 
noted that it is not satisfactory because a single 
muscle may be a flexor of one joint and an exten- 
sor of another, e.g. rectus femoris. 

The terms flexor and extensor are also used to 
designate groups of limb muscles which develop, 
respectively, from the ventral and dorsal sheets of 
primitive muscles (irrespective of the actual func- 
tions of the individual muscles). The anterior divi- 
sions of the ventral rami of the spinal nerves sup- 
ply these ‘flexor’ muscles. The posterior divisions 
supply the ‘extensors’. 


Bursae and synovial sheaths 


Where two adjacent structures, like muscle, ten- 
don, skin, or bone, slide over each other, a synovial 
sac is often found between them to reduce friction. 
This synovial sac is called a bursa. The bursa is a 
closed sac lined with a smooth synovial membrane, 
which secretes a small amount of glutinous fluid 
into the sac. When there is irritation or infection of 
the bursa, the secretion is increased, and the bursa 
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Fig. 1.8 Diagrams showing the three types of joints. (A) Fibrous joint between two skull bones. (B) Cartilaginous joint between two 
adjacent vertebrae (the annulus fibrosus and nucleus pulposus are parts of the intervertebral disc). (C) Synovial joint between the scapula 


and humerus—shoulder joint. 


becomes swollen, tight, and tender. Similar syno- 
vial sheaths enclose tendons where the range of 
movement is considerable, like in the fingers. 


Joints 


A joint is where two bones come together and artic- 
ulate with each other. One way of classifying joints 
is according to the substance that occupies the space 
between the bones [Fig. 1.8]. Joints where the ad- 
jacent bones are united by a thin layer of dense 
fibrous tissue are fibrous joints. Joints where the 
adjacent bones are united by fibrocartilage or hya- 
line cartilage are cartilaginous joints, e.g. the 
discs between the bodies of the vertebrae. Fibrous 
and cartilaginous joints are joints where no or little 
movement is possible. Joints with the maximum 
amount of movement between the bones are syn- 
Ovial joints. In synovial joints, the articulating 
surfaces of the bones are covered with firm, slip- 
pery articular cartilage, and they slide on each 
other within a narrow joint cavity containing lu- 
bricant synovial fluid [Fig. 1.9]. Outside the cav- 
ity, the bones are held together by a tubular sheath 
of fibrous tissue (the fibrous capsule or fibrous 
membrane), which is sufficiently loose to permit 
movement. The fibrous capsule may be strength- 
ened by ligaments which are strong bands of in- 
elastic fibrous tissue connecting bones at joints. 
Ligaments are often found in situations where they 
will not interfere with movement. For example, 
at the elbow joint, strong collateral ligaments are 
found on the medial and lateral sides. They lie ap- 
proximately as radii of the arc of movement and 


thus remain tight in all positions, effectively hold- 
ing the bones together. (The anterior and posterior 
parts of the capsule of the elbow joint are thin and 
loose to allow easy movement.) Some ligaments, 
like the iliofemoral ligament of the hip joint, act 
to limit excessive movement. Ligaments are often 
named for their position. For example, the liga- 
ments on the side of the elbow joint are called me- 
dial and lateral collateral ligaments, or radial and 
ulnar collateral ligaments of the elbow joint, as they 
lie on the radial and ulnar sides of the elbow. The 
synovial membrane lines the inner surface of 
the fibrous capsule, the intracapsular non-articular 
parts of the bone, and intracapsular tendons and 
ligaments when present [Fig. 1.9]. 

The joint surfaces of the bones at synovial joints 
are of many different shapes to allow particular 
movements and prevent others. Based on the shape 
of the articulating surface, synovial joints are fur- 
ther subclassified [Fig. 1.10]. In a plane synovial 
joint, the surfaces of the bones are flat, permitting 
only slight gliding movements (example: some of 
the joints between the bones of the hand and foot). 
The function of these joints is to provide some resil- 
ience to an otherwise rigid structure. More usually, 
the surfaces of the articulating bones are curved. 
The ball-and-socket type of joint, e.g. shoulder 
and hip joints, allows the greatest amount of move- 
ment. In this type of joint, the spherical end of one 
bone fits into a cup-shaped recess in the other. In 
the shoulder, the hemispherical head of the humer- 
us fits into the shallow glenoid fossa of the scapula. 
In the hip, the nearly spherical head of the femur 
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Fig. 1.9 Schematic section through a synovial joint. 


fits deep into the cup-shaped acetabulum of the 
hip bone. Where the cup is shallow, e.g. the shoul- 
der joint, the range of movements is great, but the 
stability is less, when compared to joints having a 
deep cup, e.g. the hip joint. Three types of joints al- 
low movements in only two directions, at right an- 
gles to each other—usually flexion and extension, 
abduction and adduction (but no rotation): (1) 
condyloid joints; (2) ellipsoid joints; and (3) 
saddle joints. Condyloid joints, like the joints 
of the knuckles where the fingers meet the hand, 
have a bony configuration similar to the ball-and- 
socket type of joint, but rotation is limited by the 
ligaments. Ellipsoid joints, like the wrist joint, 
are also like a ball-and-socket joint, but the radius 
of curvature of the surfaces is long in the transverse 
direction and short in the anteroposterior direc- 
tion, and as such rotation is not possible. Saddle 
joints, like that of the carpometacarpal joint of the 
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thumb, have an articular surface that is concave in 
one direction and convex at right angles to this— 
the convex surface of one bone fitting the concave 
surface of the other. Here again, flexion and exten- 
sion and abduction and adduction are possible. 

Two types of joints allow movement around only 
one axis: (1) in hinge joints, e.g. the interphalan- 
geal joints of the fingers and the ankle joint, the 
configuration of the bones and the arrangement 
of the ligaments prevent all other movements, ex- 
cept those of flexion and extension; and (2) in the 
pivot joints, e.g. the proximal radio-ulnar joint, 
a cylindrical bone (the radius) rotates within a ring 
formed by another bone (the ulna) and the annular 
ligament [see Fig. 9.6]. At such a joint, only rota- 
tion is possible. 

In joints where considerable movement is re- 
quired in many different directions, e.g. the 
shoulder joint, the fibrous capsule is thin and lax 
throughout. The joint is supported by muscles 
which closely surround the joint and are able to 
stretch or tighten in any position. Where extreme 
mobility in one direction is required, e.g. at the 
knuckles or knee, the appropriate part of the fi- 
brous capsule is entirely replaced by the tendon of 
a muscle. 

The stability and complexity of movement at a 
joint are sometimes increased by placing a disc 
of fibrous tissue between the bones. This disc may 
have different curvatures on its two surfaces and 
thus convert a single joint cavity into two, each 
having a different type of movement. The articular 
disc may also act as a shock absorber within the 
joint or assist with the spreading of the synovial 
fluid between the surfaces of joints [Fig. 1.10D]. 
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Fig. 1.10 Schematic section to show the different types of articulating surfaces in synovial joints. Asterisks indicate the articular surfaces 


of plane joints of the hand. 


Bones 


Bone is a form of connective tissue in which the in- 
tercellular substance consists of dense, white fibres 
embedded in a hard calcium phosphate matrix. 
The fibrous tissue imparts resilience to the bone, 
while the calcium salts resist compression forces. 

Bone is found in two forms: (1) compact bone 
is dense and forms the tubular shafts of the long 
bones; and (2) cancellous bone is a lattice of 
bone spicules; it occurs in the ends of long bones 
and fills the flat and irregular bones; the spaces be- 
tween the spicules are filled with a highly vascular 
bone marrow. 

The periosteum is a dense layer of fibrous tissue 
which covers the surfaces of bones, except where 
they articulate with other bones. (Remember the 
articular surface is covered by articular cartilage.) 
It is continuous with muscles, tendons, ligaments, 
fibrous capsules of joints, intermuscular septa, and 
the deep fascia where a bone is subcutaneous, and 
with the connective tissue lining the marrow space 
(endosteum). 

Dry bones used in the study of anatomy have a 
number of important surface markings. A dry bone 
is smooth where: (a) it is covered, in life, by articu- 
lar cartilage; (b) it gives a fleshy attachment to mus- 
cles; and (c) it is subcutaneous. It is often rough- 
ened where ligaments, aponeuroses, and tendons 


are attached. It has grooves lodging blood vessels, 
and holes (foramina) where blood vessels enter and 
leave the bone. Many of these features are more 
easily felt than seen. 

It is important for the student to determine the 
position of each bone in the body, to be able to 
identify the parts of the bones which are readily 
visible or palpable, and to be able to identify these 
features on radiological images. 

Bones can be classified according to their shape: 
(1) long bones of the limbs have a narrow, tubu- 
lar body (shaft) made up of compact bone, and 
enlarged articular ends composed largely of cancel- 
lous bone; (2) short bones are roughly cuboi- 
dal in shape, e.g. bones of the wrist and foot; (3) 
flat bones, e.g. the sternum, scapula, and vault of 
the skull; (4) irregular bones, such as the verte- 
brae which make up the vertebral column; short, 
flat, and irregular bones consist of cancellous bone 
enclosed in compact bone of varying thickness 
[Fig. 1.6]; and (S) pneumatic bones of the skull 
contain air spaces. 

Bones are formed in two ways: by endochondral 
ossification or by intramembranous ossification. 

In endochondral ossification, bones are pre- 
formed in cartilage—by the production of a carti- 
laginous model. The model consists of cartilage cells 
buried in a matrix and grows by the proliferation of 
its cells and the production of matrix [Fig. 1.11A]. 
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Fig. 1.11 Endochondral ossification. Diagram of the four stages in the development of a long bone. (A) Cartilaginous model of the 
long bone before ossification begins; 8 weeks of intrauterine life (IUL). (B) Ossification has begun in the centre where empty spaces and 
spicules of calcified cartilage are seen. Compact bone is laid down by the periosteum; 2-3 months of IUL. (C) Blood vessels invade the 
centre of the bone, and ossification of calcified cartilage begins. Later, blood vessels invade the ends of the bone which begin to ossify; 
childhood. (D) Most of the cartilage is replaced by bone. Growth plate is seen between the bones ossified from the primary and second- 


ary ossification centres; adolescence-early adulthood. 
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This model is then replaced by bone by a sequence of 
changes that take place in the cartilaginous model: 


(a) A supporting shell of bone is laid down by the peri- 
osteum on the external surface of the body of the 
model [Fig. 1.11B]. 

(b) The matrix of the cartilage deep to this becomes 
calcified, and the cells die, leaving empty spaces in 
the calcified cartilage. 

(c) These spaces coalesce (join), leaving longitudinal 
spicules of calcified cartilage between them. 

(d) This calcified cartilage is invaded by blood vessels 
from the surrounding shell. 

(e) Bone is laid down on the spicules by the action of 
bone-forming cells—the osteoblasts. This process 
begins at the centre of the body of the cartilaginous 
model, in the part which is destined to become the 
centre of the shaft of the long bone. This centre (of 
ossification) is called the primary ossification 
centre. From the primary ossification centre, os- 
sification spreads towards the ends which remain 
cartilaginous for a while after the centre has been 
ossified. 


Secondary ossification centres develop at 
each end of the cartilaginous model of the long 
bone, and ossification in them proceeds in all direc- 
tions. The bone formed at each end is separated from 
the ossifying body by a zone of growing cartilage 
called the growth cartilage. The growth cartilage 
serves an important function of adding new carti- 
lage to the body, thus providing material for growth. 
As growth proceeds, the ends of the growing bone 
move away from the centre of the body. The exter- 
nal shell of bone increases in length at the same rate 
and results in growth in length of the long bone. 
When growth in length of bone is complete (in early 
adulthood), the growth cartilages in the long bones 
stop growing. Ossification from the body spreads 
into the growth cartilage which also becomes ossi- 
fied. Fusion occurs between the bone in the body 
(formed from the primary ossification centre) and 
the bone at the ends (formed from the secondary 
ossification centres). This brings growth in length to 
a halt. After this has happened in all the bones, there 
is no further increase in the height of the individual. 

Specific terminology is used to designate the 
parts of a growing long bone. The shaft bone de- 
veloped from primary ossification is termed the 
diaphysis. The epiphysis is the bone developed 
from the secondary ossification centre and lies at 
the end of the bone. (A bone can have more than 
one epiphysis at each end.) The metaphysis is the 


epiphyseal end of the diaphysis. It is the zone of 
active ossification [Fig. 1.11]. 

Growth in the diameter of the long bone is 
brought about by the addition of bone to the ex- 
ternal surface of the enclosing shell. This bone is 
produced by a highly cellular osteogenic layer of 
periosteum. As the shell increases in thickness, the 
bone on the inner surface is removed. Thereafter, 
the marrow cavity increases in transverse diameter 
at a slightly slower rate than that of bone being 
added to the external surface. The process of bone 
removal is carried out by osteoclasts. 

In short and irregular bones, ossification starts in 
the centre of the cartilaginous model and proceeds 
outwards. No external shell of bone is formed. 
The bone continues to grow until the adult size is 
reached, at which time the bone has replaced all 
of the cartilage, except that which persists on the 
articular surfaces. 

The ossification centres in the bodies of the long 
bones (primary ossification centres) appear at 
approximately 8 weeks of intrauterine life. Those at 
the ends of the long bones (secondary ossifica- 
tion centres) appear much later, at or after birth. 
In short and irregular bones, the single ossification 
centre (primary centre) appears after birth [see Fig. 
1.12 for ossification of hand bones]. In all cases, the 
ossification in the cartilage forms cancellous bone, 
while that formed by the periosteum is compact 
bone. Cancellous bone can be turned into compact 
bone by continuation of the ossification process. 

Although most long bones have epiphyses at 
both ends, growth in length occurs mainly at one 
end. At this ‘growing end’, the epiphysis usually 
appears earlier and fuses with the body later than 
that at the non-growing end. In a growing child, 
injury to the growing end of a long bone is more 
serious than injury to the non-growing end. Since 
epiphyses are visible in radiographs and are sepa- 
rated from the body of the bone by a clear region 
of growth cartilage, they have to be differentiated 
from fractures. It is necessary to know where epi- 
physes appear and till when they are normally pre- 
sent. The growing ends in the upper limb bones are 
at the shoulders and wrists, and in the lower limbs 
at the knees. 

Bone may also be formed in connective tissue 
without the intervention of a cartilaginous mod- 
el. This process of bone formation in connective 
tissue is called membranous (intramembra- 
nous) ossification. In this type of ossification, 
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Fig. 1.12 (A) X-ray of the hand of a 12-year-old child. The epiph- 
ysis at the lower end of the radius and ulna are still separated from 
the body by the growth cartilage. Ossification centres for all eight 
carpal bones have appeared. (B) X-ray of the hand of a 2-year-old 
child. Only three carpal bones have begun to ossify. The ossifica- 
tion centre for the lower end of the ulna has not yet appeared. 


osteoblasts invade the fibrous membrane to form 
many separate spicules of bone. These spicules fuse 
to each other to form a lattice around the capillar- 
ies of the connective tissue. This lattice-work may 
persist as cancellous bone, or continued deposition 
of bone in the cavities of the lattice can turn it into 
compact bone. A periosteum with a cellular osteo- 
genic layer is formed on the external surfaces of 
the membrane and becomes a source of bone depo- 
sition. This continuous periosteal deposition of the 
bone ceases at the end of growth. Then, the cel- 
lular osteogenic layer of the periosteum disappears; 
its outer fibrous layer persists and fuses with the 
surface of the bone. Osteogenesis from the perios- 
teum can begin again when increased strength of a 
bone is required, e.g. when the weight or muscular- 


ity of the individual increases. It is also the source 
of bone formation in regions where tendons and 
ligaments are attached and for much of the new 
bone formed at the site of healing fractures. Ab- 
sorption of unnecessary bone plays an important 
part in bone development. In addition to increas- 
ing the size of the marrow cavity and lightening 
the bone, it also maintains the normal external 
shape of the bone throughout growth. 


General instructions for dissection 





In the laboratory, you will find that the cadaver for 
dissection is embalmed with fixatives to preserve it. 
The whole body has been kept moist by storing it 
with moist wrappings or immersing it in fluid. Be 
careful to ensure that the body is kept moist during 
the entire time you will be working on it. 

For the medical student, dissection is an impor- 
tant way of getting a fuller understanding of the 
structure and function of the human body. It aids 
in learning simple structures like the valves in the 
veins, and more complex ones like the heart. With- 
out a sound knowledge of these, the normal and 
abnormal circulation of the blood through the 
body could not be properly understood. Similarly, 
knowledge of the movements occurring at joints, 
the muscles which cause them, and the nerves in- 
nervating these muscles is essential to understand 
and address the effects of injury or disease in any 
of these elements of the musculoskeletal system. 


Dissection instruments 


You will require a scalpel, two pairs of forceps, pref- 
erably with rounded tips, and a strong blunt hook 
or seeker. In addition, you may find it useful to 
have a hand lens to examine small structures and 
a torchlight. 


Organization of dissections and 
commonly used terms 


Under the skin, the human body consists of a num- 
ber of structures embedded in fibrous connective 
tissue which varies in density from a loose mesh to 
tough sheets of fibres. Dissection is the process of 
freeing the structures from this tissue and demon- 
strating them clearly. 

In this manual, dissections are organized in a 
stepwise manner to enable you to systematically 
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explore the region under study and learn important 
anatomical details. The objectives for each dissec- 
tion is stated at the start to enable you to focus your 
attention on the particular area. Before you start dis- 
secting, learn the meaning of the following terms. 


(a) Dissect—to cut or tear apart. In the laboratory, dis- 
secting an area requires you to separate the tissue 
in a way so to expose the structure under study— 
muscle, vessel, nerve, etc. This can best be done by 
blunt dissection with a hook or forceps by isolating 
and pulling the structure through loose layers of 
connective tissue. In this way, it is possible to free 
organs without damaging blood vessels or nerves. 
Use of sharp instruments, such as scalpels or scis- 
sors, should be reserved for cutting the skin and 
the dense layers of the deep fascia which enclose 
many organs and partly conceal them. 

(b) Cut or transect—to divide using a sharp instru- 
ment, usually to expose deeper lying structures. 

(c) Clean—to remove fat and fascia from the surface 
of a muscle, or to define the edge of a muscle or to 
remove the connective tissue covering of a nerve 
or vessel. 

(d) Define—to remove the connective tissue masking 
the border of a structure, so that the extent of the 
structure is more clearly seen. 

(e) Retract—to pull aside or separate one structure from 
an adjacent structure. It is a temporary displace- 
ment done to visualize an underlying structure. 

(f) Reflect—to fold back a cut structure, usually skin or 
transected muscle. 


Removal of the skin 


Remove the skin from the superficial fascia in a se- 
ries of flaps which can be replaced to prevent dry- 
ing of the part. It is probably better to cut through 
both the skin and superficial fascia and remove 
both of them in one layer from the underlying 
deep fascia by blunt dissection. The blood vessels 
and nerves entering the superficial fascia through 
the deep fascia are easily found in this way and 
can be traced for some distance. The alternative of 
searching for their minute branches in the superfi- 
cial fascia is a tedious, and often unrewarding, pro- 
cess. The student should be aware that the distribu- 
tion of cutaneous nerves is of considerable clinical 
importance, but this is best learnt by reference to 
diagrams, except in the case of the larger branches 
which are easily followed. In the superficial fascia, 
the nerves are almost always accompanied by a 
small artery and one or more minute veins. Larger 
veins are also found in the superficial fascia. They 


run a solitary course to pierce the deep fascia and 
drain into the deep veins. At such junctions, these 
superficial veins contain valves which prevent the 
reflux of blood from the deep veins. 


Deep dissection 


When the deep fascia has been uncovered and ex- 
amined, proceed to remove it. This is made difficult 
because it sends fibrous sheets between the muscles, 
enclosing each in a separate compartment. Where a 
number of muscles arise together, the walls of these 
compartments also give origin to the muscle fibres. 
They thus form a tendinous sheet which appears to 
bind together adjacent muscles. In other places, it is 
relatively easy to strip the deep fascia from muscles, 
because only delicate strands pass between the indi- 
vidual bundles of muscle fibres. It is important to 
follow each muscle to its attachments and to define 
these accurately, for it is only in this way that the 
action of a muscle can be determined. 

As each muscle is exposed and lifted from its bed, 
look for the neurovascular bundle entering it. Fol- 
low the structures in the neurovascular bundle back 
to the main nerve trunk and vessel from which they 
arise. In many situations, the arteries are accompa- 
nied by tributaries of the main vein which often 
obscure the artery and nerve. In these cases, it is ad- 
visable to remove the vein, so that a clearer view of 
the artery and nerve can be obtained. In any case, it 
will be found that there are usually multiple venous 
channels and that their arrangement is much less 
standard than that of the arteries. The arteries are 
less constant in their arrangement than the nerves. 





We all know that the external appearance of indi- 
viduals varies greatly. The same type of variation 
exists in the size, position, and shape of the inter- 
nal organs among different individuals. Therefore, 
no single account of the structure of the body ex- 
actly fits every individual, and students must ex- 
pect to find variations from the descriptions given 
in this book. For this reason, students should take 
every opportunity to look at the other bodies be- 
ing dissected at the same time. Some of the varia- 
tions are of considerable clinical importance, e.g. 
differences in the anastomotic arrangement be- 
tween the arteries at the base of the brain, while 
others have little significance, e.g. an extra belly 


to a particular muscle or the marked difference in 
the arrangement of the superficial veins, even on 
the two sides of the same body. One type of varia- 
tion not commonly seen in the dissecting room is 
the congenital abnormality which arises from 
some defect in development. Many of these are so 
severe that they lead to early death. Other congeni- 
tal defects may be present throughout life without 
any overt sign. The student should understand the 
main processes of development and the effects of 
its abnormalities on the structure and function of 
the various systems. 


Anatomy of the living body 


In the dead preserved body, the texture and ap- 
pearance of the organs have been altered. The stu- 
dent should remember that the purpose of study- 
ing formalin-fixed cadavers is just a tool to help 
visualize the living body in action, so that the ef- 
fects of injury or disease can be appreciated and 
abnormalities can be recognized. Dissection is only 
a means to the end of a fuller understanding of 
function. In addition to studying the body by dis- 
section, the living body should be observed and 
palpated. 





Special radiological techniques 


An increasing number of techniques are being es- 
tablished to visualize the internal structure of the 
body without surgical intervention. Of these, the 
oldest is the use of X-rays. 


X-rays 


This technique depends on the differential absorp- 
tion of X-rays by the various tissues of the body on 
their way through it to a sensitive film (or other 
recording apparatus) which is blackened by devel- 
opment in direct proportion to the amount of X- 
rays reaching it. Thus, if the exposure is correct, the 
film is deeply blackened outside the area shaded by 
the body and is completely clear where a tissue in- 
tervenes which absorbs all the penetrating X-rays. 
Compact bone and teeth are the most absorbent tis- 
sues, while air, such as that contained in the lungs, 
windpipe, or intestine, is the least. Most other tis- 
sues, including fluid, have an equal intermediate 
absorption per unit of thickness, except fat which 


has a lower level of absorption, though not as low 
as air. 

Each point on the film (radiograph) has a density 
(blackness) which is directly proportional to the 
amount of X-rays reaching it, and hence inversely 
to the sum of the absorptions of all the tissues which 
lie between the source of X-rays and that point on 
the radiograph. Hence, in a posteroanterior radio- 
graph of the chest [see Fig. 2.3 in Volume 2], the 
lung fields are dark because the air they contain 
does not absorb X-rays as much as the vertebral 
column, the breast bone (sternum), and the tissues 
lying between the two lungs (including the heart) 
and which overlap each other in the central white 
area. Also, the absorption by the ribs, added to the 
absorption by the tissue in the lungs, etc., makes 
the ribs appear as lighter strips in the lung fields, 
and the fuzzy, whiter areas in the medial parts of 
each lung are due to absorption by the larger blood 
vessels (fluid-filled) in these parts of the lungs. 

In examining Fig. 2.3 in Volume 2, the following 
points should be noted. 


1. The outlines of the heart and great vessels which 
arise from these are obvious on the right (left side 
of the patient) of the median white area, because 
they project beyond the vertebral column and ster- 
num into the lung fields and make a sharp contrast 
in absorption by comparison with that on the left 
where the vertebral column and sternum overlap 
the heart and vessels. 

2. On each side, the lower part of the lung field be- 
comes lighter. 

3. Air introduced into the abdominal (peritoneal) 
cavity makes the lower surface of the diaphragm 
(a thin partition between the thorax and abdo- 
men) and the upper surfaces of the organs im- 
mediately below it obvious, though, without 
that air, only the upper surface of the diaphragm 
would have been seen because of its contrast with 
the lungs. The presence of the air in the upper 
part of the peritoneal cavity shows that this ra- 
diograph was taken with the patient in the erect 
position. 


If the intensity of the X-rays or the length of ex- 
posure had been increased, the lung fields would 
have become darker and the breast and rib ‘shad- 
ows’ much less obvious, though some detail of the 
vertebral column would have been visible. Con- 
versely, it is possible to show minor differences in 
tissue absorption, e.g. fat versus tumour, most eas- 
ily with low-intensity X-rays. 
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Thus, radiographs show the outline of structures 
where there is a change in X-ray absorption but 
cannot show the outline of two adjacent structures 
which have the same X-ray density. Clearly, any hol- 
low organ, e.g. blood vessel, gut tube, etc., which 
can be filled with a substance which absorbs X-rays 
more effectively than bone, e.g. heavy metals such 
as barium [see Figs. 11.38, 11.65, 11.66, 17.3, all in 
Volume 2], or less effectively than the surrounding 
tissue, e.g. air, can make its outline obvious. The 
combination of both (double contrast) where a small 
amount of X-ray-opaque material is introduced into 
a cavity followed by air allows the first to outline 
the internal surface, so that irregularities are made 
visible by the contrast with the air [see Figs. 11.40, 
11.41 in Volume 2], while use of the X-ray-opaque 
material alone merely produces a silhouette. 

Three more recent techniques all produce pic- 
tures representing slices taken through the body at 
any desired level. All of these depend on special 
features of the tissues, and all can be recorded in 
digital form and reproduced in any desired manner 
which the information permits. 


Computerized tomography 


Computerized tomography (CT) is a technique 
which uses X-rays [see Fig. 4.47 in Volume 2] and 
depends on the differences in absorption by differ- 
ent tissues—a feature which can be enhanced by 
the introduction of special materials like iodinated 
contrast media. Once a series of transverse sections 
have been made and the results recorded in digital 
form, it is possible to combine these in the com- 
puter and to construct images in a different plane 
(like sagittal or coronal, or even three-dimensional 
(3D), reconstructions), if required. By varying the 
timing of image acquisition following the intrave- 
nous administration of iodinated contrast media, 
CT images can be obtained in arterial, venous, and 
delayed phases. CT angiograms of different arterial 
systems can be easily obtained. 


Ultrasound 


Ultrasound (sonar) can also be used to produce 
electronic pictures which represent the reflection 


of that ultrasound from surfaces where one tissue 
meets another. Unfortunately, ultrasound cannot 
be used where there is air or bone, because it is not 
transmitted through these, but it has the advan- 
tage that there is no evidence, unlike X-rays, of 
it having any damaging effects on even the most 
sensitive tissues. It is used therefore as a method 
of choice to scan the pelvis where there is the pos- 
sibility of pregnancy and to determine gross ab- 
normalities at an early stage. The method consists 
of passing an ultrasound transmitter and recorder 
over the skin and showing the computerized reflec- 
tion on a cathode ray tube. The pictures produced 
are more difficult to read than CTs but represent 
sections taken through the body under the path 
of travel of the instrument. They are most useful 
when shown as a continuous recording (real-time) 
which can take account of movements of tissues 
such as the heart valves. 


Magnetic resonance imaging 


Here protons can be made to resonate in a strong 
magnetic field when subjected to the appropriate 
radio wavelength. Such resonations are recorded 
and computed, and pictures are produced electron- 
ically [see Fig. 11.56 in Volume 2] which, at the mo- 
ment, show intensities representing the amount of 
protons or water in the different tissues—their T1 
and T2 relaxation times. Imaging parameters can 
be adjusted to obtain different pulse sequences 
(like T1-weighted, T2-weighted, fluid-attenuated 
inversion recovery (FLAIR), etc.) with varying im- 
age contrast. Magnetic resonance imaging (MRI) 
has better soft tissue contrast than CT scans and 
does not use harmful ionizing radiation like CT. 
By using magnetic resonance (MR) spectroscopy, 
it is possible to assess the biochemical component 
and metabolism of the tissue. Specific parts of the 
brain that are activated when performing certain 
tasks can be mapped by using functional MRI. MR 
angiography images can be obtained with or with- 
out the use of contrast media (gadolinium-based 
agents). The main disadvantages of MRI are the 
limited availability, the expense involved, and the 
longer times taken in image acquisition. 
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CHAPTER 2 


Introduction to the upper limb 





Introduction 


There are four parts to the upper limb: the shoul- 
der, the arm or brachium, the forearm or antebra- 
chium, and the hand. 

The term shoulder includes a number of smaller 
regions: the shoulder joint, the axilla or armpit, the 
scapular region around the shoulder blade, and the 
pectoral or breast region on the front of the chest. 
The scapula (or shoulder blade) and the clavicle (or 
collarbone) are the bones of the shoulder girdle [see 
Figs. 3.4, 4.2, 4.3]. The scapula and clavicle articu- 
late with each other at the acromioclavicular joint, 
but the only articulation between the shoulder gir- 
dle with the rest of the skeleton is the articulation 
of the clavicle with the upper end of the sternum 
at the sternoclavicular joint. The mobile scapula is 
otherwise held in position entirely by muscles. 

The arm is the part of the upper limb between 
the shoulder and the elbow. The arm bone is the 
humerus, and it articulates with the scapula at 
the shoulder joint, and with the radius and ulna 
at the elbow joint. 

The forearm extends from the elbow to the 
wrist. Its bones—the radius and ulna—articulate 
with the humerus at the elbow joint, as mentioned 
above, with each other at the radio-ulnar joints, 
and distally the radius (but not the ulna) articu- 
lates with the carpal bones at the radiocarpal joint. 
In the anatomical position (supine position of the 
forearm), the bones are parallel, and the radius is 
lateral to the ulna. When the palm of the hand 
faces posteriorly (prone position of the forearm), 
the distal end of the radius has rotated around 
the distal end of the ulna, so that the radius lies 
obliquely across the ulna. These movements are 
called pronation and supination. 


The hand consists of the wrist or carpus, the 
hand proper or metacarpus, and the digits (thumb 
and fingers). The eight small wrist, or carpal, bones 
are arranged in two rows (proximal and distal), 
each consisting of four bones. The carpal bones 
articulate: (a) with one another at the intercarpal 
joints; (b) proximally, with the radius at the radio- 
carpal joint; and (c) distally, with the metacarpal 
bones at the carpometacarpal joints. The articula- 
tion of the carpal bones with the radius accounts 
for the movement of the hand with the radius in 
pronation and supination. The small movements 
that occur at each of these joints add up to allow 
a considerable range of movement. Posteriorly, 
the carpal bones are close to the skin, but anteri- 
orly they are covered by muscles of the ball of the 
thumb (thenar eminence) and of the little finger 
(hypothenar eminence), and, between these, 
by the long tendons entering the hand from the 
forearm. 

The hand proper has five metacarpal bones num- 
bered 1 to 5, beginning from the thumb side. Proxi- 
mally, the base of the metacarpal bones articulates 
with the distal row of carpal bones (carpometa- 
carpal joints), and the second to fifth metacarpal 
bones also articulate with each other (intermeta- 
carpal joints) [see Fig. 9.8A]. Distally, each metacar- 
pal bone articulates with the proximal phalanx of 
the corresponding digit. 

The digits are: the thumb or pollex, the forefin- 
ger or index, the middle finger or digitus medius, 
the ring finger or annularis, and the little finger 
or minimus. Each finger has three phalanges— 
the thumb has only two. The proximal phalanx 
of each finger articulates with the corresponding 
metacarpal head at the metacarpophalangeal joint. 
The phalanges articulate with one another at the 
proximal and distal interphalangeal joints. 
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CHAPTER 3 


The pectoral region and axilla 





Introduction 


Muscles covering the front of the chest and hold- 
ing the free upper limb to the torso, and their ves- 
sels and nerves constitute the pectoral region. 
The pyramidal space between the upper part of the 
thorax and the arm is the axilla. 


Adjacency of the thorax, neck, and 
upper limb 


The walls of the thorax form a conical structure 
which is flattened anteroposteriorly. It has an apex 
superiorly that is cut obliquely to form the supe- 
rior aperture of the thorax. This is continuous 
above with the root of the neck and has, as its mar- 
gins, the first thoracic vertebra, the first ribs, and the 
upper part of the sternum (manubrium). The upper 
limb is attached to the trunk by muscles and bones 
which spread out from the proximal part of the limb 
to the anterior and posterior surfaces of the thorax. 


Overview of the axilla 


The axilla is a four-sided pyramidal space between: 
(1) the upper limb; (2) the muscles connecting the 
upper limb to the front of the thorax; (3) the mus- 
cles connecting the upper limb to the back of the 
thorax; and (4) the lateral wall of the thorax. When 
the arm is by the side, the axilla is a narrow space. 
When the arm is abducted, the volume of the ax- 
illa increases, and its floor (base) rises, forming a 
definite ‘armpit’. Also when the arm is abducted, 
the muscular inferior margins of its anterior wall 
stands out as the anterior axillary fold, and the 
inferior margin of the posterior wall stands out as 
the posterior axillary fold [Fig. 3.1]. 


The superior part of the axilla—the apex—lies 
lateral to the first rib and is continuous over its 
superior surface, with the superior aperture of the 
thorax below and the root of the neck above. This 
continuity permits blood vessels from the thorax 
and nerves from the neck to enter the axilla on 
their way to the upper limb. (These vessels and 
nerves pass over the superior surface of the first rib 
behind the clavicle [Fig. 3.2]). 
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Bones of the pectoral region and axilla 


The clavicle extends laterally from its articulation 
with the sternum (sternoclavicular joint) to its artic- 
ulation with the scapula (acromioclavicular joint) 
on the superior surface of the shoulder [Fig. 3.3]. 









A Axilla 
Posterior à A Anterior 
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Fig. 3.1 A pyramidal-shaped hollow, the axilla, is clearly seen 
between the chest wall and the arm. The anterior and posterior 
axillary folds are seen bounding the floor of the axilla. 
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Fig. 3.2 Schematic drawing of the axilla, showing the base, apex, 


and four walls in relation to the bones of the thorax, pectoral 
girdle, and arm. 
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The sternoclavicular joint is the only articulation 
of an upper limb bone with a bone of the trunk. 
Thus, the clavicle acts as a support which transmits 
forces from the upper limb to the trunk and pre- 
vents the scapula, and hence the shoulder, from 
sagging downwards and medially under the weight 
of the limb. Sagging down of the upper limb is seen 
when the clavicle is fractured. The scapula lies pos- 
terior to the axilla and is almost entirely covered by 
muscles. Movements of the scapula are limited only 
by its articulation with the clavicle and, through it, 
with the sternoclavicular joint around which these 
movements are forced to take place. The scapula 
slides freely on the thoracic wall in the absence 
of bony articulations between it and the wall. The 
muscles of the scapula either attach the scapula to 
the humerus or hold it against the thorax. 
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Fig. 3.3 Landmarks and incisions. Left forearm pronated, right forearm supinated. 


Surface anatomy of the pectoral region 
and axilla 


All points mentioned in this section should be con- 
firmed on the living body and on specimens of the 
bones. 

The clavicle (collar bone) is palpable through- 
out its length. It follows a slight curve which is 
convex forwards in its medial two-thirds and con- 
cave forwards in its lateral one-third [Fig. 3.4]. 
Draw a finger along your clavicle, and note that 
its ends project above the acromion of the scapula 
laterally and the manubrium of the sternum medi- 
ally. Thus, the positions of these joints are easily 
identified, though the medial end of the clavicle is 
somewhat obscured by the attachment of the ster- 
nocleidomastoid muscle. 

Between the medial ends of the clavicles, feel 
the jugular notch on the superior margin of 
the manubrium [Fig. 3.5]. Draw a finger down- 
wards from this notch in the median plane till a 
blunt transverse ridge is felt on the sternum. This 
bony landmark is the sternal angle, a joint be- 
tween the manubrium and the body of the ster- 
num. At this level, the cartilage of the second 
rib articulates with the side of the sternum. The 
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Fig. 3.5 Sternum (anterior view). 


second rib may be identified in this way, even in 
obese subjects, for the sternal angle is always read- 
ily palpable. The other ribs are identified by count- 
ing down from the second rib. The anterior part 
of the first rib is hidden by the medial part of the 
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Fig. 3.4 (A) Right clavicle, inferior surface. (B) Right clavicle, superior surface. 
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clavicle. Immediately inferior to the lower end of 
the body of the sternum is a small median depres- 
sion, the epigastric fossa which overlies the 
xiphoid process—the lowest piece of the ster- 
num. The cartilages of the seventh ribs lie on 
either side of this fossa. 

The nipple is very variable in position, even in 
the male, but usually lies over the fourth intercos- 
tal space, near the junction of the ribs with their 
cartilages. It is just medial to a vertical line pass- 
ing through the middle of the clavicle (the mid- 
clavicular line). 

The infraclavicular fossa is a depression infe- 
rior to the junction of the lateral and middle thirds 
of the clavicle. The pectoralis major muscle on the 
front of the chest lies medial to the fossa, and the 
deltoid muscle, which clasps the shoulder, is lateral 
to it. The coracoid process of the scapula can be 
felt just lateral to the fossa and under cover of the 
deltoid muscle, 2-3 cm below the clavicle. 

Follow the clavicle laterally to its articulation 
with the acromion—a subcutaneous, flattened 
piece of the bone about 2.5 cm wide, on the top 
of the shoulder. The acromioclavicular joint 
can be felt as a slight dip, for the clavicle projects 
slightly above the level of the acromion (acron = 
summit; omos = shoulder). 

Raise the arm from the side, i.e. abduct it, and 
identify the hollow of the axilla, the anterior ax- 
illary fold (containing the pectoralis major mus- 
cle), and the posterior axillary fold (containing the 
latissimus dorsi and teres major muscles) [Fig. 3.1]. 
The teres major is a thick, rounded muscle which 
connects the inferior angle of the scapula to the 
humerus and can be felt in the posterior axillary 
fold when the arm is raised above the head. The 
latissimus dorsi muscle extends from the lower part 
of the back to the humerus. It can be made to stand 
out by depressing the horizontal arm against resist- 
ance. 

With the arm by the side, push your fingers into 
the axilla. The anterior and posterior walls are soft 
and fleshy, but the lateral margin of the scapula 
can be felt in the posterior wall. The medial wall is 
formed by the ribs covered by a sheet-like muscle— 
the serratus anterior. In the lateral angle, the biceps 
brachii and coracobrachialis muscles lie parallel to 
the humerus. Some of the large nerves in the ax- 
illa can be rolled between the fingers and the hu- 
merus, and the axillary artery can be felt pulsating. 
By pushing the fingers up into the axilla, the head 


of the humerus can be felt laterally and the lateral 
border of the first rib medially. 


Pectoral region 


Cutaneous nerves 


The skin on the anterior and lateral surfaces of the 
thorax is supplied by: 


1. The supraclavicular nerves from the cervical plex- 
us—principally the fourth cervical ventral ramus. 

2. The anterior and lateral cutaneous branches of the 
ventral rami of the second to eleventh thoracic 
nerves (intercostal nerves) [Fig. 3.6]. 


The supraclavicular nerves [Fig. 3.7] arise in 
the neck from the third and fourth cervical nerves 
(C3, C4). Diverging as they descend, the nerves 







































































Fig. 3.6 Dermatomal pattern on the front of the trunk. The areas 
of skin supplied by ventral rami are illustrated. 
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Fig. 3.7 Course and distribution of the supraclavicular nerves. 


pierce the deep fascia in the neck. They cross the 
clavicle to supply the skin on the front of the chest 
and shoulder [see Figs. 5.8, 5.9] down to a horizon- 
tal line at the level of the second costal cartilage. 
They are named, according to their positions: me- 
dial, intermediate, and lateral. 

The anterior cutaneous branches of the in- 
tercostal nerves (except the first and occasion- 
ally the second) emerge from the intercostal spaces 
near the lateral border of the sternum, pierce the 
pectoralis major, and supply the skin from the an- 
terior median line almost to a vertical line through 
the middle of the clavicle (mid-clavicular line) [see 
the course of the ventral rami in Fig. 1.5]. They are 
accompanied by perforating branches of the inter- 
nal thoracic artery, an artery which lies immedi- 
ately deep to the costal cartilages. In the female, 
these arterial branches are enlarged in the second 
to fourth spaces to supply the mammary gland. 
The arteries have lymph vessels running with them 
from the skin of the anterior thoracic wall and 
the medial part of the mammary gland (breast) to 
parasternal nodes which lie beside the internal 
thoracic artery. 

The lateral cutaneous branches of the in- 
tercostal nerves pierce the deep fascia along the 
mid-axillary line. Each nerve divides and enters the 
superficial fascia as anterior and posterior branch- 
es. The nerves pierce, or pass between, the digita- 
tions of the serratus anterior but play no part in 
supplying this muscle, the pectoral muscles, or the 
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latissimus dorsi over which they run. They supply 
the part of the skin between the parts supplied by 
the anterior cutaneous branches (midline in front 
to the mid-clavicular line) and the dorsal ramus 
(midline of the back to approximately 10 cm from 
the midline). 

There are usually no lateral or anterior cutaneous 
branches from the first intercostal nerve. The later- 
al cutaneous branch of the second intercostal nerve 
is the intercostobrachial nerve. It emerges as 
a large single branch and communicates with the 
medial cutaneous nerve of the arm and the lateral 
cutaneous branch of the third intercostal nerve. 
Together, these three nerves supply the skin of the 
medial side of the arm and the floor of the axilla. 

Dissection 3.1 describes how to reflect the skin of 
the front and side of chest. 


The breast 


The mamma or breast is made up of: (1) the mam- 
mary gland; (2) the fatty superficial fascia in which 
it is embedded; and (3) the overlying skin with the 
nipple and the surrounding pigmented skin—the 
areola [Fig. 3.8]. 

In the male, the mammary gland is rudimen- 
tary; the nipple is small, and the areola is com- 
monly surrounded by fine hairs. In the non-lac- 
tating female, the breast consists mainly of the 
fatty tissue of the superficial fascia, in which are 
enclosed 15 to 20 lobes of rudimentary glandu- 
lar tissue. These glands radiate outwards from the 
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DISSECTION 3.1 Skin reflection of the front and side of the chest 


Objectives 


I. To reflect the skin on the front and side of the chest. 
Il. To examine the superficial fascia. Ill. To find the 
cutaneous vessels and nerves. 


Instructions 


1. Make the skin incisions 1-4, shown in Fig. 3.3. Make 
sure to Carry incision 4 backwards as far as the poste- 
rior axillary fold. 


2. Cut through the superficial fascia in incisions 1, 3, 
and 4. 


3. Start from the midline (incision 1). Reflect the flaps of 
skin and the superficial fascia laterally by blunt dissec- 
tion. Do not detach them. Leave the nipple and the 
surrounding skin in position as a landmark. 


4. As the flap is separated from the skin of the neck 
along the clavicle, split the superficial fascia with a 
blunt instrument. Avoid cutting through the thin sheet 


nipple, giving the gland the shape of a flattened 
cone. Each lobe has a main lactiferous duct 
which passes to open separately on the nipple. At 
the base of the nipple, the duct is dilated to form 
a lactiferous sinus. The gland has no capsule, 
but its lobes are separated by fibrous strands of 
the superficial fascia which pass from the skin to 
the deep fascia. These fibrous strands are attached 
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Fig. 3.8 Dissection of the right mammary gland. 





of muscle (platysma) and the supraclavicular nerves 
[Fig. 3.7]. The supraclavicular nerves pass anterior to 
the clavicle to supply the skin of the upper part of the 
anterior thoracic wall and the shoulder. 


5. Identify the medial, intermediate, and lateral branches 


of the supraclavicular nerves. 


6. Note the fibrous strands connecting the deep fascia to 


the skin, especially deep to the breast in the female. 


7. Find the anterior cutaneous nerves and vessels which 


emerge from the anterior ends of the intercostal spaces. 
Follow the branches of one of these nerves medially 
and laterally as far as possible. 


8. Find the lateral cutaneous branches which pierce 


the chest wall in the mid-axillary line. They emerge 
through the deep fascia, one inferior to the other, ina 
vertical line. Follow the branches of one of them ante- 
riorly and posteriorly as far as possible. 


to the gland and anchor it both to the skin and to 
the underlying deep fascia. 

The base of the mammary gland extends from 
the margin of the sternum to almost the mid-axil- 
lary line, and from the second to sixth ribs. It lies 
largely on the pectoralis major muscle. Inferolat- 
erally, it extends on to the costal origins of the 
serratus anterior and the external oblique muscle 
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of the abdomen. The ‘axillary tail’ arises from 
the superolateral quadrant of the breast and pass- 
es into the axilla, up to the level of the third rib 
[Fig. 3.8]. The apex of the gland—the nipple— 
lies a little below the midpoint of the gland, ap- 
proximately at the fourth intercostal space in the 
nulliparous woman. The nipple is free of fat but 
contains circular and longitudinal smooth mus- 
cle fibres which can erect or flatten it. The skin 
of the nipple and areola contains modified sweat 
and sebaceous glands, particularly at the outer 
margin of the areola. These sebaceous glands tend 
to enlarge in the early stages of pregnancy, and 
shortly thereafter there is an increase in pigmen- 
tation in both the nipple and areola which never 
return to their original colour. In the later stages 
of pregnancy, the greater part of the fat in the 
gland is replaced by the proliferation of its ducts 
and the growth of many secretory alveoli from 
their branching ends. 

The gland receives its blood supply from perfo- 
rating branches of the intercostal and internal tho- 
racic arteries medially and from the lateral thoracic 
artery laterally. 

Lymph vessels drain principally: (a) to the 
axilla—(i) along the axillary tail to the pectoral 
lymph nodes, and (ii) through the pectoralis ma- 
jor and clavipectoral fascia to the apical axillary 
nodes via the infraclavicular nodes; (b) to the 
parasternal nodes along the internal thoracic 
artery by passing along the branches of that ar- 
tery which supply the gland; and (c) some lymph 
also drains to the posterior intercostal nodes. Since 
there is communication of lymph vessels across the 
median plane, there may be drainage to the oppo- 
site side, especially when some of the pathways are 
blocked by disease [Fig. 3.9]. 

Dissection 3.2 describes the dissection of the 
breast. 

This is not usually very successful in the elderly 
female and should not be attempted in the male. 


Deep fascia 


The deep fascia covering the pectoralis major is 
continuous with the periosteum of the clavicle 
and sternum, and passes over the infraclavicular 
fossa and deltopectoral groove (between the pec- 
toralis major and the deltoid) to become continu- 
ous with the fascia covering the deltoid. It curves 
over the inferolateral border of the pectoralis 


Subclavian 


Apical lymph nodes lymph trunk 





Clavicle 


Lateral wall 


Posterior wall 





b 
Lateral lymph 
nodes 


Anterior wall Medial wall 


Central lymph 


Anterior | h nod 
aac nterior lympn nodes 


Posterior lymph nodes 


Fig. 3.9 Lymph nodes and lymph vessels of the axilla. 


major to become continuous with the fascia of 
the axillary floor (axillary fascia). The axillary 
fascia stretches between the pectoralis major and 
the latissimus dorsi. When the arm is abducted, 
the axillary fascia rises into the axilla to form the 
armpit. 

The clavipectoral fascia lies in the anterior 
wall of the axilla, deep to the pectoralis major. It 
extends from the clavicle to the axillary fascia and 
encloses the pectoralis minor and subclavius mus- 
cles [Fig. 3.10]. 

See Dissection 3.3 for instructions on dissecting 
the pectoral region. 


DISSECTION 3.2 The breast 
Objective 


I. To identify the lactiferous ducts and lobes of the 
mammary gland. 


Instructions 


|. Attempt to pass a bristle through one of the ducts 
of the nipple. 


2. Attempt to identify one of the lobes of the gland 
by blunt dissection. 
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Fig. 3.10 Diagram of the clavipectoral fascia shown enclosing the subclavius and pectoralis minor and extending to the axillary fascia. 


DISSECTION 3.3 Pectoral region-1 


Objectives 


|. To study the pectoralis major and the deltoid. Il. To 


identify the cephalic vein. 


Instructions 


1. Cut the deep fascia in the deltopectoral groove to 
uncover the cephalic vein passing to the infraclav- 
icular fossa [see Fig. 3.12]. 


2. Occasional lymph nodes found beside the vein 
receive lymph from the adjacent superficial tissues 
and transmit it through the infraclavicular fossa to 
the apical nodes of the axilla [Fig. 3.9]. 


3, Remove the fascia from the anterior parts of the 
pectoralis major and the deltoid, and define the 
attachments of these muscles. 


Pectoralis major 


This powerful, fan-shaped muscle takes origin from 
the medial half of the front of the clavicle, the ante- 
rior surfaces of the sternum and upper six costal car- 
tilages, and the aponeurosis of the external oblique 
muscle of the abdomen [Fig. 3.11]. It is inserted into 


the lateral lip of the intertubercular sulcus or crest 
on the humerus [see Fig. 5.1A]. At the insertion, the 
abdominal part twists under the sternocostal part to 
form a U-shaped tendon with it. The lowest abdomi- 
nal fibres are inserted deep to the upper sternocostal 
fibres, while the intermediate fibres form the base of 
the U in the anterior axillary fold. 

The clavicular part passes inferolaterally, fuses 
with the anterior layer of the U-shaped tendon, 
and extends further inferiorly on the humerus. The 
clavicular part lies at right angles to the abdominal 
and lower sternocostal parts and has different ac- 
tions [Fig. 3.11]. 

Nerve supply: medial and lateral pectoral 
nerves. Actions: the pectoralis major adducts and 
medially rotates the humerus. With the arm above 
the head, the lowest fibres act with the latissimus 
dorsi to pull down the arm or raise the body, as in 
climbing a rope. The muscle can also return the ex- 
tended humerus to the anatomical position, then 
continue to flex the shoulder joint with its clavicu- 
lar part which passes in front of the shoulder. 


Pectoralis minor 


This triangular muscle originates from the third to 
fifth ribs, near their cartilages, and passes superolat- 
erally to the tip of the coracoid process [Fig. 3.11]. 
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Fig. 3.11 Muscles of the anterior wall of the trunk. On the left side, the pectoralis major is removed to show the pectoralis minor and subclavius. 


Nerve supply: medial pectoral nerve. Actions: it 
pulls the scapula (and hence the shoulder) down- 
wards and forwards. It raises the ribs in inspiration 
when the scapula is fixed. 

Dissection 3.4 continues the dissection of the 
pectoral region. 


Subclavius 


This small muscle arises from the adjacent parts of 
the upper surfaces of the first costal cartilage and 
rib. It passes parallel to the clavicle and is insert- 
ed into the groove on the inferior surface of the 


DISSECTION 3.4 Pectoral region-2 


Objectives 


|. To study the pectoralis minor, subclavius, and clavipec- 


toral fascia. Il. To identify and trace the cephalic vein, 
thoraco-acromial artery, and medial and lateral pectoral 


nerves. III. To explore the continuation of the axillary 


vessels with the subclavian vessels. 


Instructions 


E 


Cut across the clavicular head of the pectoralis major 
below the clavicle, and reflect it towards its insertion. 
Identify the branches of the lateral pectoral nerve and 
thoraco-acromial artery that pierce the clavipectoral 
fascia to enter the pectoralis major. 


. Cutacross the remainder of the pectoralis major about 


5 cm from the sternum. Reflect it laterally. Identify the 
branch of the medial pectoral nerve which pierces the 
pectoralis minor to enter the pectoralis major. 


. Note the entire sheet of the clavipectoral fascia deep 


to the pectoralis major, and then remove it from the 
pectoralis minor. 


. Trace the pectoralis minor to its attachments. 


5. Follow the cephalic vein through the upper part of 
the clavipectoral fascia to the axillary vein, and the 
thoraco-acromial artery and the lateral pectoral nerve 
to their origins. 


6. Expose the vessels and nerves superior to the pectora- 


lis minor. 


7. Cut through the anterior layer of the clavipectoral 


fascia immediately inferior to, and parallel with, the 
clavicle to expose the subclavius muscle. 


8. Gently push a finger, inferior to that muscle, along the 


line of the axillary vessels. It will pass over the first rib, 
deep to the clavicle, into the root of the neck. If the 
finger is pressed medially between the axillary artery 
and vein, the firm resistance of the scalenus anterior 
muscle can be felt on the upper surface of the first rib 
between the artery and vein. (Note that the vessels felt 
on the first rib are the subclavian vessels.) 


9. Pass a finger deep to the pectoralis minor through the 
lower part of the axilla. Lift it from the subjacent struc- 
tures, but preserve the medial pectoral nerve which 
enters its deep surface. 
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Fig. 3.12 Superficial lymph vessels and lymph nodes of the front of the upper limb. 


clavicle [Figs. 3.10, 3.13]. Nerve supply: nerve 
to the subclavius from the upper trunk of the bra- 
chial plexus. Actions: it holds the medial end of 
the clavicle against the articular disc of the sterno- 
clavicular joint during movements of the shoulder 
girdle. 
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Sternoclavicular joint 


The sternoclavicular joint is a synovial joint between 
the shallow notch at the superolateral angle of the 
manubrium of the sternum and the larger medial end 
of the clavicle. A complete articular disc intervenes 
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Fig. 3.13 Muscle attachments of the inferior surface of the right clavicle. 


between these two articular surfaces. The joint also 
extends on to the superior surface of the first costal 
cartilage. This is the only articulation of the upper 
limb bones with the axial skeleton. Thus, the clavi- 
cle forms a support which maintains the scapula in 
position and transmits forces from the upper limb 
to the trunk, e.g. forces generated in falling on the 
outstretched hand. Functionally, the joint behaves 
like a ball-and-socket joint with a wide range of 
movements, since it has to move with each change 
in scapular position. It carries heavy loadings, but 
the bony surfaces give little intrinsic stability. For 
this reason, it is strengthened by powerful ligaments 
which are designed to prevent dislocation of the me- 
dial end of the clavicle from the shallow fossa on the 
sternum. The articular capsule is attached close 
to the articular margins of the bones. It is thickened 
anteriorly and posteriorly to form the anterior and 
posterior sternoclavicular ligaments [Fig. 3.14]. 
The articular disc is a nearly circular plate of 
fibrocartilage attached at its margins to the articu- 
lar capsule. It divides the joint into two separate 
synovial cavities. Its strongest attachments are to 
the upper surface of the medial end of the clavicle 
and to the junction of the sternum and first costal 
cartilage. It assists the costoclavicular ligament in 
preventing the upward displacement of the medial 
end of the clavicle and acts as a shock absorber of 
compression forces applied from the upper limb. 
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DISSECTION 3.5 Sternoclavicular joint 


Objectives 


|. To examine the ligaments of the sternoclavicular 
joint. II. To examine the articular disc of the sterno- 
clavicular joint. 


Instructions 


1. Separate the subclavius from its costal attachment, 
and turn it laterally to expose the strong costocla- 
vicular ligament. 


2. Expose the anterior and superior surfaces of the ar- 
ticular capsule of the sternoclavicular joint as far as 
possible. Remove the anterior part of the articular 
capsule, and identify the articular disc between the 
clavicle and the sternum, but leave the clavicle in 
position. 


The costoclavicular ligament is a powerful 
band which passes upwards and laterally from the 
junction of the first rib and its cartilage to a rough 
area on the inferior surface of the clavicle near its 
medial end. The interclavicular ligament pass- 
es between the medial ends of the two clavicles and 
is fused with the articular capsules and the jugular 
notch of the sternum [Fig. 3.14]. 

Dissection 3.5 explains the dissection of the ster- 
noclavicular joint. 
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Fig. 3.14 Sternoclavicular joint. A coronal section has been made through the anterior surface of the sternum and clavicle on the right 


side, opening the right sternoclavicular joint. 
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Boundaries and contents 


Start by reviewing the overview of the axilla on 
page 25 and Fig. 3.2. The anterior wall of the axilla 
extends from the clavicle to the anterior axillary 
fold. It consists of the pectoralis major, the pecto- 
ralis minor, the subclavius, and the fascia enclos- 
ing them [Fig. 3.11]. The posterior wall consists of 
the lateral part of the costal surface of the scapula, 
covered by the subscapularis superiorly, and the 
teres major muscle with the latissimus dorsi wind- 
ing round its lower border inferiorly. Identify these 
muscles, using Fig. 3.15. The anterior and poste- 
rior axillary folds are formed by the lower bor- 
ders of the pectoralis major and the latissimus dorsi, 
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respectively. The convex medial wall is formed by 
the lateral wall of the thorax (the first five ribs and 
intercostal spaces) covered by the serratus anterior. 
The narrow lateral boundary is formed by the hu- 
merus covered by the upper parts of the biceps and 
coracobrachialis muscles. 

The apex of the axilla is bounded by the clavi- 
cle, first rib, and upper border of the scapula. It is 
continuous medially with the superior aperture of 
the thorax and the root of the neck. Through the 
apex, vessels from the thorax and the nerves of 
the brachial plexus from the neck enter the axilla 
[Fig. 3.2]. These vessels and nerves descend through 
the axilla to the arm and form the contents of the 
axilla, together with the axillary lymph nodes and 
loose fatty tissue. 

See Dissection 3.6 which begins the dissection of 
the axilla. 
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Fig. 3.15 Contents of the axilla exposed by reflection of the pectoralis major and removal of fat, the fascia, and lymph nodes. Part of the 
axillary vein has been removed to display the medial cutaneous nerve of the forearm and the ulnar nerve. 


DISSECTION 3.6 Axilla-1 


Objectives 


|. To remove the loose connective tissue and fat of the axilla. 
Il. To remove the fascia overlying the lateral wall of the 
axilla. Ill. To identify and trace the axillary artery, axillary 
vein, musculocutaneous nerve, median nerve, ulnar nerve, 
medial cutaneous nerve of the arm and forearm, intercos- 
tobrachial nerve, lateral cutaneous branches of upper inter- 
costal nerves, lateral thoracic artery, and long thoracic nerve. 


Instructions 


1. Remove the loose connective tissue, fat, and lymph 
nodes in the axilla to expose its contents. Only a few of 
the large number of lymph nodes will be seen, unless 
they are enlarged by disease, so it is not worth trying to 
dissect them, though they will be felt as slightly firmer 
structures among the fat. Lymph vessels will not be seen. 


2. Expose the coracobrachialis and short head of the biceps 
muscles which arise from the tip of the coracoid process. 


3. Find the axillary artery and the median nerve medial 
to these muscles and the musculocutaneous nerve 
entering the deep surface of the coracobrachialis. Follow 
this nerve upwards, and find its branch to the muscle. 


Serratus anterior 


The serratus anterior arises from the outer surface 
of the upper eight ribs. Its fibres pass posteriorly 
around the lateral surface of the chest wall forming 
the medial wall of the axilla. On the back, the fibres 
run deep to the scapula and are inserted into the 
costal surface of the scapula along the medial bor- 
der. Nerve supply: long thoracic nerve [Figs. 3.15, 
3.16, 3.17]. Actions: it holds the scapula against 
the ribs and protracts the scapula. The lower fibres 
are powerful lateral rotators of the scapula. 


Axillary artery 


This is the main artery of the upper limb. It is a 
continuation of the subclavian artery at the outer 
border of the first rib. It passes through the apex 
and lateral part of the axilla to become the brachial 
artery at the lower border of the teres major, close 
to the humerus. For the purpose of description, it 
is divided into three parts which lie superior, poste- 
rior, and inferior to the pectoralis minor. The cords 
of the brachial plexus lie posterior to the first part 
and are arranged around the second part according 
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Identify the axillary vein medial to the axillary artery. 


Between the axillary artery and vein, identify the me- 
dial cutaneous nerve of the forearm and more 
posteriorly the larger ulnar nerve. 


Find the medial cutaneous nerve of the arm me- 
dial to the vein. Trace it superiorly. A branch from the 
intercostobrachial nerve usually joins it. Follow this 
branch upwards to the emergence of the intercosto- 
brachial nerve from the second intercostal space in 
the medial axillary wall. Trace that nerve down to the 
axillary floor and the medial side of the arm. 


Note again the series of lateral cutaneous branches of 
the third, fourth, fifth, and sixth intercostal nerves, as 
they emerge in a vertical line inferior to the point of 
emergence of the intercostobrachial nerve. Note that 
the nerves emerge posterior to the pectoralis major 
and between the digitations (attachments) of the ser- 
ratus anterior on each rib. 


. Find the lateral thoracic artery and the long thoracic 


nerve descending on the lateral surface of the serratus 
anterior muscle which they supply [Fig. 3.15]. 
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Fig. 3.16 Muscle attachments to the costal surface of the right 
scapula. 
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Fig. 3.17 Serratus anterior. The scapula is drawn away from the 
side of the chest to show the insertion into the scapula. 


to their names. The main nerves arising from the 
cords surround the third part. 

The axillary artery supplies the structures in, and 
surrounding the axilla [Fig. 3.18]: (a) the thoraco- 
acromial artery arises from the second part of 
the axillary artery and supplies the anterior axil- 
lary wall of the axilla, including the clavicle, ac- 
romion, and anterior part of the deltoid; (b) the 
superior and lateral thoracic arteries sup- 
ply the medial axillary wall and the lateral part of 
the mammary gland and surrounding structures; 
(c) the subscapular artery supplies the poste- 
rior axillary wall, including the scapula and mus- 
cles covering its posterior aspect; it gives off two 
branches—circumflex scapular and thoraco- 
dorsal arteries—which anastomose with branches 
from the subclavian artery; and (d) the anterior 
and posterior circumflex humeral arteries 
supply the proximal part of the humerus, the mus- 
cles covering it, and the shoulder joint. 


Axillary vein 


The axillary vein lies on the anteromedial aspect 
of the axillary artery and has the same extent. It 
is the continuation of the basilic vein and re- 
ceives tributaries corresponding to the branches 
of the axillary artery. In addition, the axillary vein 
also receives the brachial veins inferiorly, and 
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Fig. 3.18 Diagrammatic representation of the axillary artery and 
its branches. 


the cephalic vein superiorly. It continuous as the 
subclavian vein at the outer border of the first rib 
[Fig. 3.15]. 

Dissection 3.7 continues the dissection of the 
axilla. 


Axillary lymph nodes 


These lymph nodes drain the lymph vessels of the 
upper limb and the superficial vessels of the trunk 
above the level of the umbilicus and iliac crest. 
The nodes are scattered throughout the fascia of 
the axilla and, for the most part, transfer lymph 
towards the nodes at its apex (apical nodes). For 
descriptive purposes, the axillary lymph nodes are 
divided into five groups, four of which lie in one 
angle of the axillary pyramid and drain a specific 
territory. The lateral nodes lie along the axillary 
vessels and drain the greater part of the upper limb. 
The pectoral or anterior group lies in the an- 
teromedial angle, deep to the pectoralis major, and 
drains the superficial tissues of the anterior and 
lateral parts of the thoracic and upper abdominal 
walls. The subscapular or posterior group lies 
along the subscapular vessels and drains lymph 
from the corresponding region on the back. All 
these nodes communicate with the more centrally 
placed central nodes. The efferents of all these 
nodes pass to the apical group [Fig. 3.9] which also 
receives vessels from nodes on the cephalic vein 
and in the infraclavicular fossa. The efferents of the 


Superior thoracic 


DISSECTION 3.7 Axilla-2 


Objectives 


I. To clean the connective tissue and fascia over the ax- 
illary artery, ulnar nerve, radial nerve and its branches, 
axillary nerve, and subscapular artery and its branches. 
Il. To examine the relationship of the cords of the brachial 
plexus to the axillary artery. III. To remove the fascia and 


define the posterior wall of the axilla. 


Instructions 


1. Expose the axillary artery and vein, and the large 
nerves surrounding them. If necessary, remove the 
smaller tributaries of the vein, in order to get a clear 
view of the nerves. (Since the veins follow the branch- 
es of the artery, their loss is of little significance.) 


2. Identify and follow the ulnar nerve. It lies behind 
and between the axillary artery and vein. 


3. Find the median nerve lateral to the axillary artery. 
Follow its lateral root to the lateral cord of the bra- 
chial plexus, and its medial root to the medial cord 
of the brachial plexus. 


4. Identify the radial nerve which lies behind the ar- 
tery. Trace the radial nerve proximally and distally to 
the lower border of the subscapularis. 


5. Find the axillary nerve which passes posteriorly 
along with the posterior humeral circumflex artery. 


apical nodes form the subclavian lymph trunk 
which usually drains into the subclavian vein. 


Brachial plexus 


The brachial plexus is an important nerve plexus 
that supplies sensory and motor innervation to the 
upper limb. The plexus begins in the lower part 
of the neck (supraclavicular part: roots and 
trunks) and passes as divisions behind the mid- 
dle third of the clavicle into the apex of the axilla 
[Figs. 3.19, 3.20. 3.21]. 


Roots of the brachial plexus 


The roots of the brachial plexus are formed by the 
ventral rami of the lower four cervical nerves, the 
greater part of the ventral ramus of the first tho- 
racic nerve (C5 to T1). Small twigs from the ven- 
tral rami of the fourth cervical and second thoracic 
nerves may join the plexus. 


6. Find the posterior cutaneous nerve of the arm. 


7. Find muscular branches of the radial nerve to the 
long and medial heads of the triceps muscle. 


8. Find the subscapular artery as it arises from the ax- 
illary artery close to the axillary nerve. Trace it and 
its major branches—the circumflex scapular and 
thoracodorsal arteries. The thoracodorsal artery 
runs along the chest wall parallel to the margin of 
the latissimus dorsi, together with the thoracodorsal 
nerve to that muscle. (You will study the latissimus 
dorsi in further detail later.) The circumflex scapu- 
lar artery lies close to the nerve (lower subscapular) 
entering the teres major. 


9. Cut across the pectoralis minor, and follow the axil- 
lary vessels to the outer border of the first rib. Note 
that the medial, lateral, and posterior cords of the 
brachial plexus lie around the artery posterior to 
the pectoralis minor. Above the level of the pecto- 
ralis minor, all three cords of the brachial plexus lie 
posterior to the artery. 


10. Expose the anterior surface of the subscapularis, and 
identify the upper subscapular nerve(s) entering 
it. Follow the upper and lower subscapular and 
thoracodorsal nerves to their origin from the pos- 
terior cord of the brachial plexus [Fig. 3.15]. 


Trunks and divisions of the brachial 
plexus 


Three trunks—the superior, middle, and inferior 
trunks—arise from the roots. The ventral rami of the 
fifth and sixth cervical nerves unite to form the su- 
perior trunk [Fig. 3.21]; the seventh cervical ven- 
tral ramus remains single and continues as the mid- 
dle trunk. The eighth cervical and first thoracic 
ventral rami unite to form the inferior trunk. 
A short distance above the clavicle, each of these 
trunks splits into an anterior and posterior division. 


Cords of the brachial plexus 


The three posterior divisions unite to form the 
posterior cord of the plexus. The posterior cord 
supplies the extensor muscles and the skin on the 
back of the limb. The three anterior divisions 
supply the flexor muscles and the skin on the front 
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Fig. 3.19 Diagram showing the route of entry of the nerves and subclavian artery into the upper limb. The fascial sheath which binds 


these structures into a narrow bundle ts the cervico-axillary canal. 


of the limb. The anterior divisions of the upper and 
middle trunks unite to form the lateral cord of 
the plexus, and the anterior division of the lower 
trunk forms the medial cord. 

In the axilla (infraclavicular part), the cords 
first lie posterior to the first part of the axillary 
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artery, but lower down posterior to the pectoralis 
minor, they surround the second part of the axil- 
lary artery in positions which correspond to their 
names. The plexus ends at the lower border of the 
pectoralis minor by dividing into a number of 
branches. 
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Fig. 3.20 Horizontal section at the level of the shoulder joint. The chief structures in the axilla and its walls are shown. A = anterior; 


P = posterior; L = left; R = right. 


Image courtesy of the Visible Human Project of the US National Library of Medicine. 
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Fig. 3.21 Diagram of the right brachial plexus. Ventral divisions, light orange; dorsal divisions, yellow. C = cervical; T = thoracic. 


The plexus is so arranged that each cord and the 
nerves which arise from it contain nerve fibres from 
more than one spinal (segmental) nerve. Thus, the 
lateral cord contains nerve fibres from the cervical 
(C.) nerves 5 to 7 [Fig. 3.21], the medial cord from 
C. 8 and thoracic (T.) 1 (and 2), and the posterior 
cord from C. 5 to C. 8 (and T. 1). A knowledge of 
these ‘segmental values’, or root values, is of im- 
portance in the diagnosis of injuries to the spinal 
nerves or to the spinal medulla from which they 
arise. 


Branches of the brachial plexus 


Branches arising in the neck but distributed to the 
upper limb 

The dorsal scapular nerve (C. 5) supplies the 
rhomboid major and minor and levator scapulae. It 
will be seen later on the deep surface of the rhom- 
boid muscles. 

The suprascapular nerve (C. 5, 6) supplies the 
supraspinatus and infraspinatus muscles. It runs 
inferolaterally behind the clavicle and crosses the 
superior border of the scapula to its posterior sur- 
face [Fig. 3.22]. 

The nerve to the subclavius (C. 5, 6) descends 
in front of the plexus to supply the subclavius. 


The long thoracic nerve (C. 5, 6, 7) arises 
from the posterior aspect of these ventral rami. It 
descends behind the brachial plexus and axillary 
artery and then on the lateral surface of the serra- 
tus anterior muscle which it supplies. 


Branches arising in the axilla 


The lateral and medial pectoral nerves pass 
forwards from the corresponding cords of the bra- 
chial plexus. They communicate in front of the 
axillary artery and pass to supply the pectoral mus- 
cles in the anterior axillary wall. The lateral pecto- 
ral nerve (C. 5, 6, 7) pierces the clavipectoral fascia 
to enter the deep surface of the pectoralis major su- 
perior to the pectoralis minor. The medial pectoral 
nerve (C. 8, T. 1) supplies and pierces the pectoralis 
minor to enter the pectoralis major. 
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Fig. 3.22 Dissection of the lower part of the posterior triangle of 
the neck showing the supraclavicular part of the brachial plexus. 
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The upper and lower subscapular nerves (C. 
5, 6) arise from the posterior cord of the brachial 
plexus with the thoracodorsal nerve. They supply 
the muscles of the posterior axillary wall. The upper 
supplies the subscapularis muscle; the lower supplies 
the lower fibres of the subscapularis and teres major. 

The thoracodorsal nerve passes posteroinferi- 
orly to supply the latissimus dorsi muscle. It runs 
with the thoracodorsal artery on the deep surface 
of the muscle. 

The axillary nerve is a terminal branch of the 
posterior cord of the brachial plexus and is formed 
near the lower border of the subscapularis. It leaves 
the axilla by passing back under the subscapularis. 

The musculocutaneous nerve arises in the ax- 
illa from the lateral cord of the brachial plexus and 


passes inferolaterally to supply, and then pierce, 
the coracobrachialis. 

The median nerve is formed lateral to the axil- 
lary artery by one root each from the medial and 
lateral cords of the brachial plexus. It crosses an- 
terior to the axillary artery and comes to lie on its 
medial side. 

The ulnar nerve arises from the medial cord of 
the brachial plexus and runs down between the ax- 
illary artery and vein. 

The radial nerve is the other terminal branch 
of the posterior cord of the brachial plexus in 
the axilla. In the axilla, it gives off the nerve to 
the long head of the triceps—a muscle of the 
arm. 

See Clinical Applications 3.1 and 3.2. 


CLINICAL APPLICATION 3.1 Breast cancer 


The following observations were made during breast ex- 
amination of a 36-year-old woman with breast cancer. 
The right breast was firmly adherent to the underlying 
tissue. 

Study question 1: name the tissue which lies imme- 
diately deep to the breast. What does this immobility/ 
tethering of the breast tell you about the disease process? 
(Answer: deep fascia, pectoralis major, and serratus ante- 
rior. The breast being fixed to the underlying tissue means 
that the cancer has invaded the underlying muscle.) The 
skin over the upper lateral quadrant of the breast is thick 
and pitted, resulting in an orange-peel appearance. This 
appearance is caused by two factors: (a) blockage of 
lymph vessels by cancer cells, resulting in lymphoedema; 


and (b) the fact that the subcutaneous tissue is prevented 
from swelling uniformly by the shortened suspensory 
ligaments which are also invaded by disease. 

Study question 2: to what structures are the suspen- 
sory ligaments attached? (Answer: the suspensory liga- 
ments run from the glands to the underlying deep fascia 
and to the overlying skin.) 

Study question 3: on examination of the axilla, hard 
and 3 cm-sized masses were felt immediately deep to 
the anterior axillary fold. What are these masses likely to 
be, and how are they related to the disease process? (An- 
swer: the masses are most likely enlarged anterior axillary 
lymph nodes, to which the cancer cells from the breast 
have spread.) 


CLINICAL APPLICATION 3.2 Axillary lymph node dissection 


Axillary lymph node dissection is a surgical procedure 
that is used for staging breast cancer. The surgeon ex- 
plores the axilla to identify, examine, and remove lymph 
nodes. Axillary lymph node status on whether or not they 
are invaded by cancer cells, and to what extent they are 
involved, gives valuable information for planning treat- 
ment. Lymph drainage of the upper limb may be impea- 
ed after removal of the axillary nodes. 

Study question 1: why is it common for patients who 
have undergone this procedure to have swelling of the 
upper limb? What name is given to swelling due to this 
cause? (Answer: the upper limb drains into the axillary 


lymph nodes, which have been removed during surgery. 
As such, the lymph collects in the limb tissue. Such swell- 
ing is called ‘lymphoedema’.) The long thoracic nerve and 
the thoracodorsal nerve have a long course in the axilla 
and may become infiltrated by cancer cells. These nerves 
may also be damaged during the surgery. The thoraco- 
dorsal nerve lies on the posterior wall of the axilla and 
enters the latissimus dorsi near its medial border. The ax- 
illary tail of the breast lies close to it. 

Study question 2: what would be the result of damage 
to the thoracodorsal nerve? (Answer: weakened medial 
rotation and adduction of the arm.) 


CHAPTER 4 


The back 


Turn the body face downwards, and examine the 
structures which connect the upper limb to the 
back of the trunk. 





Surface anatomy of the back 


Begin by reviewing the structure of the scapula 
[Figs. 4.1, 4.2, 4.3]. 

The scapula is placed against the posterolat- 
eral wall of the thorax. It lies over the second to 
seventh ribs and extends into the posterior wall 
of the axilla. It is thickly covered with muscles, 
but most of its outline can be felt in the living 
subject. Find the acromion at the top of the shoul- 
der. Draw your finger along the bony ridge (crest 
of the spine of the scapula) which runs medially 
and slightly downwards from the acromion to the 
medial border of the scapula [Fig. 4.2]. Trace the 
medial border to the inferior angle and, if possi- 
ble, to the superior angle, palpating it through the 
muscles that cover it. The scapula is held in posi- 
tion by muscles and the clavicle. It is very mov- 
able—the scapulae move apart when the arms are 
folded across the chest. When the shoulders are 
drawn back, the medial borders of the scapulae 
are brought close to each other and the posterior 
median line. 

The rib felt immediately inferior to the inferi- 
or angle of the scapula is usually the eighth rib, 
and the lower ribs may be counted from it. The 
twelfth rib is not palpable, unless it projects be- 
yond the lateral margin of the back muscle—the 
erector spinae [Fig. 4.1]. 


The iliac crest is the curved bony ridge felt be- 
low the waist. Trace it forwards to the anterior 
superior iliac spine and backwards to the pos- 
terior superior iliac spine. The posterior supe- 
rior iliac spine is felt in a shallow dimple in the 
skin above the buttock and about 5 cm from the 
median plane. Between the left and right dimples is 
the back of the sacrum. Usually three sacral spines 
can be palpated in the median plane. The coccyx 
is the slightly mobile bone felt deep between the 
buttocks in the median plane. 

Feel the tips of the spines of the vertebrae 
in the median furrow of the back. These are the 
only parts of the vertebral column which are eas- 
ily felt. It is difficult to identify individual spines 
directly, but the seventh cervical spine (vertebra 
prominens) is the uppermost spine which can be 
readily felt at the root of your neck. Below this, the 
approximate levels of other spines are as described 
in Table 4.1. 

Above the vertebra prominens, only the sec- 
ond cervical spine can be felt easily. It is about 
5 cm below the external occipital protuber- 
ance which is on the lower part of the back of 
the head where the median furrow of the neck 
(nuchal groove) meets the skull. The short 
cervical spines (compare with C7) are separated 
from the skin by a median fibrous partition—the 
ligamentum nuchae. The posterior edge of the 
ligamentum nuchae stretches from the external 
occipital protuberance to the seventh cervical 
spine. 

The superior nuchal line is a curved ridge on 
the occipital bone of the skull, extending laterally 
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Fig. 4.1. Landmarks and incisions. Left forearm pronated, right forearm supinated. 
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Fig. 4.2 Dorsal surface of the right scapula. 
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Fig. 4.3 Ventral surface of the right scapula. 
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Table 4.1 Vertebral levels for bony surface landmarks 


Vertebral spine Level 


Third thoracic Junction of the scapular spine and 
medial border 


from a midline bony elevation—the external oc- 
cipital protuberance. 

See Dissection 4.1 for instructions on skin reflec- 
tion and cutaneous nerves of the back. 
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Fig. 4.4 Dissection of muscles and nerves of the back. 


DISSECTION 4.1 Skin reflection of the back 


Objectives 


Pile Venleet the skin et the oder ie Identiny tine 
cutaneous nerves of the back. 


Instructions 
1. Make the skin incisions 1, 3, 4, and 5 [Fig. 4.1]. 


2. Reflect the two skin flaps laterally, stripping the 
skin and the superficial fascia from the deep fascia 
by blunt dissection. 


3. Find the cutaneous nerves as they pierce the deep 
fascia [Fig. 4.4]. This is more difficult than on the 
flexor surface, because of the denser connections of 
the superficial fascia to the deep fascia on the back. 
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The cutaneous nerves of the back are branches 
of the dorsal rami of the spinal nerves. 
Each dorsal ramus divides into a medial and a 
lateral branch [see Fig. 1.4]. Both of these enter 
and supply the erector spinae muscles. But only 
one continues through the erector spinae to sup- 
ply the overlying skin. In the cervical and up- 
per six or seven thoracic segments, the medial 
branches from the dorsal rami form the cutane- 
ous nerves. They pierce the deep fascia close to 
the median plane. Below this level, the lateral 
branches form the cutaneous nerves and emerge 
in line with the lateral edge of the erector spi- 
nae, piercing either the latissimus dorsi (upper 
nerves) or the dense deep fascia (thoracolumbar 
fascia) of the small of the back (lower nerves). 
Each of these cutaneous nerves divides into a 
smaller medial and a larger lateral branch. In the 
thoracic and lumbar nerves, branches of the dor- 
sal rami descend before entering the skin. Thus, 
the area of skin supplied by the dorsal ramus of 
each nerve lies at a lower level than that at which 
the spinal nerve emerges. This makes the der- 
matomes of the trunk more nearly horizontal 
than would be expected from the oblique course 
of the ventral rami. 

The cutaneous branches of the dorsal rami of 
the upper three lumbar nerves pierce the deep 
fascia a short distance superior to the iliac crest 
and turn down to supply the skin of the gluteal 
region. 

The arteries which accompany the cutaneous 
nerves of the back arise from the dorsal branches of 
the posterior intercostal and lumbar arteries. 


Muscles that attach the scapula to the 


trunk 





Two of these muscles—the pectoralis minor 
and the serratus anterior—have been seen 
already. Other muscles attaching the scapula to 
the trunk are the trapezius, rhomboid major, 
rhomboid minor, and levator scapulae 
[Fig. 4.4]. 

The latissimus dorsi will also be seen in the 
dissection of the back. The latissimus dorsi and 


pectoralis major are the only two muscles which 
attach the humerus to the trunk. 
See Dissection 4.2. 


Trapezius 


The trapezius is a broad muscle placed superfi- 
cially in the upper part of the back. The right and 
left trapezius together are shaped like a trapezium, 
which gives the muscle its name. It has an exten- 
sive origin from the external occipital protuber- 
ance and the superior nuchal line on the occiput, 
the ligamentum nuchae and seventh cervical 
vertebra in the neck, the spines of all 12 thoracic 
vertebrae, and the supraspinous ligaments. From 
this almost completely midline origin, the fibres 
run laterally and come together to be inserted 
into the lateral third of the clavicle, the acromion, 
and the crest of the spine of the scapula [Fig. 4.5]. 
Nerve supply: cranial nerve XI—the spinal ac- 
cessory nerve [Fig. 4.4]. Actions: elevation of the 
shoulder, and retraction and lateral rotation of the 
scapula. 


Latissimus dorsi 


This broad sheet of muscle arises from the lower 
six thoracic spines and the supraspinous ligaments 
between them, deep to the trapezius; the thora- 
columbar fascia [Fig. 4.4]; posterior part of the iliac 
crest; and lower three or four ribs. The fibres of the 
latissimus dorsi come together and wind around 
the inferior border of the teres major to reach its 
anterior surface and are inserted into the inter- 
tubercular groove of the humerus [see Fig. 5.1A]. 
Nerve supply: thoracodorsal nerve [see Fig. 3.15]. 
Actions: it is a powerful adductor of the humerus 
and a depressor of the shoulder. It is used to pull the 
arm down from its fully abducted position above 
the head, as in rope climbing. When the shoulder 
is flexed, it acts as an extensor of that joint. When 
the shoulder is fixed, it helps with retraction and 
medial rotation of the scapula. 


Levator scapulae 


The levator scapulae takes origin from the trans- 
verse processes of cervical vertebrae 1 to 4 and is 
inserted into the medial border of the scapula, 
between the superior angle and the root of the 
spinous process. Nerve supply: dorsal scapular 
nerve [Fig. 4.4]. Actions: elevation and medial ro- 
tation of the scapula. 


Muscles that attach the scapula to the trunk 
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DISSECTION 4.2 The back 


Objectives 


I. To study the muscles of the back—latissimus dorsi, 
trapezius, levator scapulae, rhomboid minor, rhomboid 
major, serratus anterior, inferior belly of the omohyoid. 
Il. To identify and trace the dorsal scapular nerve, the 
deep branch of the transverse scapular artery, and the 
suprascapular vessels and nerves. 


Instructions 


1. Remove the deep fascia from the surface of the tra- 
pezius below the spine of the seventh cervical verte- 
bra. The upper part of the muscle will be dissected 
with the head and neck. 


2. Expose the latissimus dorsi |[Fig. 4.4]. This is difficult 
because of the varying direction of its fibres and the 
thinness of its upper part which has an ill-defined 
margin. Define its attachment to the thoracolumbar 
fascia and to the iliac crest. Expose the lateral border 
of the muscle and its slips from the lowest three or 
four ribs. These lower fibres interdigitate with the ex- 
ternal oblique muscle of the abdomen. 


3. Cut the trapezius horizontally halfway between the 
clavicle and the spine of the scapula, and vertically 
5 cm lateral to the median plane. In the latter cut, 
take care not to injure the underlying rhomboid 
muscles, as the trapezius is thin near its origin. 
Reflect the lower part of the trapezius, and define 
its attachments to the thoracic vertebral spines, the 
medial border of the acromion, and the superior 
margin of the crest of the spine of the scapula. 


4. Note the superficial branch of the transverse cervical 
vessels and the accessory nerve on the deep surface 
of the lateral part of the trapezius. Expose the upper 
part of the muscle at its attachments to the clavicle 
and the acromion [Fig. 4.5]. 


5. Define the levator scapulae, rhomboid minor, 
and rhomboid major muscles which are attached 


Rhomboid minor 


The rhomboid minor arises from the lower part of 
the ligamentum nuchae and the spine of the first 
thoracic vertebra. It is inserted into the medial bor- 
der of the scapula, at the root of the spine. Nerve 
supply: dorsal scapular nerve [Fig. 4.4]. Actions: 
retraction and elevation of the scapula. 


from above downwards, in that order, to the me- 
dial border of the scapula, deep to the trapezius 
[Fig. 4.6]. The rhomboid minor is attached where 
the spine of the scapula meets the medial border. 
Only the lower part of the levator scapulae can be 
seen at this time. Free this part of the muscle from 
the underlying fat, and identify the dorsal scapular 
nerve and the deep branch of the transverse cer- 
vical artery. Follow them to the deep surface of the 
rhomboid muscles. 


6. Divide both rhomboid muscles midway between 
the vertebral spines and the medial border of the 
scapula. Reflect these muscles, and define their at- 
tachments. 


7. Trace the dorsal scapular nerve and the deep branch 
of the transverse cervical artery deep to them. 


8. Lift the medial border of the scapula from the tho- 
racic wall. Note how easily the scapula and the un- 
derlying serratus anterior muscle are lifted clear 
Pecalse Gi Mie w@Ose COmpeciive Ussue deep 16 
them. 


9. Pass one hand between the thoracic wall and the 
serratus anterior. Then place the other hand in the 
axilla from the front, and slide it backwards between 
the subscapularis and the serratus anterior which is 
now between your hands. Define the attachment of 
the serratus anterior to the scapula [see Fig. 3.17]. 


10. Turn the latissimus dorsi downwards; note how the 
inferior digitations of the serratus anterior converge 
on the anterior surface of the inferior angle of the 
scapula [see Fig. 3.17]. 


11. Remove the fat from the suprascapular region deep 
[Oo 1neveuicad reer Ihe tiabeAUs anal Tina tine lil= 
ferior belly of the omohyoid muscle, and the 
suprascapular vessels and nerve passing to the 
superior border of the scapula at the scapular 
notch [Figs. 4.2, 4.3]. 


Rhomboid major 


The rhomboid major arises from the spines of the 
second to fifth thoracic vertebrae. It is inserted into 
the medial border of the scapula, inferior to the 
root of the spine. Nerve supply: dorsal scapular 
nerve [Fig. 4.4]. Actions: retraction, medial rota- 
tion, and elevation of the scapula. 
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Fig. 4.5 Shoulder girdle from above, showing muscle attach- 
ments. 





Spinal accessory nerve 


The accessory, or eleventh, cranial nerve consists 
of cranial and spinal parts. The spinal part arises 
from the cervical spinal medulla (C. 1 to 5), enters 
the skull, and re-emerges in the neck. It passes pos- 
teroinferiorly through the sternocleidomastoid [see 
Fig. 3.7] to the deep surface of the trapezius supply- 
ing both muscles. 





Dorsal scapular nerve 


This nerve passes posteroinferiorly in the lower 
part of the neck from the ventral ramus of the 
fifth cervical nerve. It runs deep to the lower part 
of the levator scapulae and the rhomboid muscles, 
and supplies them. It is accompanied by the deep 
branch of the transverse cervical artery [Fig. 4.4]. 


Transverse cervical artery 


The transverse cervical artery is a branch of 
the thyrocervical trunk from the first part of the 
subclavian artery. It divides into a superficial 
branch of the transverse cervical artery 
which accompanies the spinal accessory nerve 
deep to the trapezius, and a deep branch of 
the transverse cervical artery (also known 
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Fig. 4.6 Muscle attachments to the dorsal surface of the right 
scapula. 


as the dorsal scapular artery) which accom- 
panies the dorsal scapular nerve deep to the leva- 
tor scapulae and the rhomboids [Fig. 4.4]. Both 
branches take part in the anastomosis around the 
scapula. 


Movements of the scapula 





The scapula is able to slide freely over the chest 
wall because of the loose connective tissue deep 
to the serratus anterior. The scapular movements 
are protraction, retraction, elevation, depression, 
and medial and lateral rotation. These move- 
ments are produced by the muscles which attach 
the scapula to the trunk and indirectly by the 
muscles passing from the trunk to the humerus 
when the shoulder joint is fixed. All these move- 
ments take place around the sternoclavicular 
joint, with minor adjustments at the acromio- 
clavicular joint. 


Protraction 


This forward movement of the scapula on the chest 
wall is produced by the serratus anterior and 
is assisted by the pectoral muscles [Fig. 4.7B]. Dur- 
ing protraction, all eight digitations of the serratus 
anterior contract with the pectoralis minor and 
the sternocostal fibres of the pectoralis major 
[see Fig. 3.17]. This movement is used in reaching 
forwards, punching, and pushing. 
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A. Elevation 1 2 


B. Protraction } 


r 


C. Retraction 


1 


2 





D. Lateral Rotation 


E. Medial Rotation 





Fig. 4.7 Diagrams to show the direction of pull of muscles acting 
on the scapula. (A) Elevation of the scapula: 1. upper fibres of the 
trapezius; 2. levator scapulae. (B) Protraction of the scapula, as in 
punching or stretching forwards: 1. the serratus anterior pulls the 
scapula forwards; 2. the pectoralis minor assists. (C) Retraction of 
the scapula, as in drawing the shoulders back: 1. middle fibres of 
the trapezius; 2. rhomboid minor; 3. rhomboid major. (D) and (E) 
Rotation of the scapula. In these figures, the axis of movement is 
shown as a rod piercing the scapula. The arrow shows the direc- 
tion of rotation. Lateral rotation: 1. upper fibres of the trapezius; 2. 
lower fibres of the trapezius; 3. lower part of the serratus anterior. 
Medial rotation: 1. levator scapulae; 2. rhomboid minor; 3. rhom- 
boid major; 4. the weight of the upper limb. 


Retraction 


Retraction is the reverse of protraction. It draws the 
scapulae back towards the median plane and braces 
back the shoulders. It is produced by the contrac- 
tion of the middle fibres of the trapezius which 
pass horizontally from the ligamentum nuchae, 


and the seventh cervical and upper thoracic spines 
to the acromion and the lateral part of the spine of 
the scapula, and also by the rhomboid muscles 
passing from a similar origin to the medial border 
of the scapula [Fig. 4.7C]. 


Elevation 


Elevation, asin shrugging the shoulders, is achieved 
by the simultaneous contraction of the levator 
scapulae and the upper fibres of the trapezius 
which descend from the skull and ligamentum 
nuchae to the clavicle and acromion [Fig. 4.7A]. 


Depression 


This movement is achieved by gravity and the con- 
traction of the pectoralis minor, the lower fibres of 
the pectoralis major and trapezius, and the latis- 
simus dorsi. 


Lateral rotation 


Rotation takes place around a horizontal axis pass- 
ing through the middle of the scapular spine and 
the sternoclavicular joint [Fig. 4.7D]. In lateral 
rotation, the upper fibres of the trapezius raise 
the acromion and lateral part of the clavicle, while its 
lower fibres depress the medial end of the spine of 
the scapula. Together, they laterally rotate the scap- 
ula. The lower five digitations of the serratus an- 
terior converge on the inferior angle of the scapula 
and play a powerful part in this movement by pull- 
ing that angle laterally and forwards. Lateral rota- 
tion tilts the glenoid cavity upwards [Fig. 4.3] and 
is important in abduction of the upper limb above 
the horizontal. Normally, scapular and shoulder 
joint movements occur together, but, if the scapular 
movement is paralysed, abduction of the limb to the 
horizontal cannot be achieved because the weight 
of the limb forces the scapula into medial rotation. 


Medial rotation 


This is the opposite movement to lateral rotation. 
Gravity plays a large part in this movement, as in 
depression of the scapula. In addition, combined 
contraction of the levator scapulae, rhomboids, 
and latissimus dorsi produces an active movement 
which is assisted by the pectoral muscles [Fig. 4.7E]. 

When all the muscles attaching the scapula to 
the trunk are contracted, the scapula is fixed to 
form a stable base on which upper limb move- 
ments can take place. It is also used in transmit- 
ting forces from the trunk to the upper limbs, as in 


lifting heavy weights in the hands by straightening 
the flexed legs. 


Muscles acting on, and movements 





of, the scapula 


Having studied the muscles acting on the scap- 
ula and its movements, review the details of the 
muscles using Table 4.2. This table lists the origin, 


Table 4.2 Trunk muscles acting on the shoulder girdle 


insertion, nerve supply, and action of muscles act- 
ing on the shoulder girdle. In Table 4.3, the mus- 
cles are grouped according to their actions (and the 
nerve supply of each muscle is repeated). This al- 
lows an easy assessment of the degree of paralysis 
of a particular movement, following the destruc- 
tion of a particular nerve. (These tables show only 
the actions of a particular muscle when it actively 
shortens.) 

Clinical Applications 4.1 and 4.2 demonstrate 
how this anatomy relates to your clinical practice. 


Muscle Ol areata URAA Action Nerve supply 
Trapezius Occiput, superior nuchal Clavicle, lateral third Elevates shoulder Spinal accessory 
line Scapula, acromion, medial 
Ligamentum nuchae edge 


Seventh cervical spine 
of spine 


Scapula, superior margin 


Seventh cervical spine 
All thoracic vertebral 
spines 


of spine 


Occiput, superior nuchal 


Scapula, superior margin 


1. Retracts scapula 
2. Depresses medial part 
of spine of scapula 


Clavicle, lateral third 


Rotates scapula laterally Spinal accessory 


line Scapula, acromion, medial 
Ligamentum nuchae edge 
Seventh cervical spine Scapula, superior margin 
All thoracic vertebral of spine 
spines 
Serratus anterior Upper eight ribs, Scapula, medial border 1. Protracts scapula Long thoracic nerve 


anterolateral surface 


Ribs 3-5, anterolateral 
surface 


Second to fifth thoracic 
vertebral spines 


Lower ligamentum nuchae 


2. Holds scapula against 
ribs 

3. Lower 5/8 laterally 
rotate scapula 


1. Protracts scapula 
2. Depresses shoulder 


Scapula, medial border 
inferior to spine 


1. Retracts scapula 

2. Medially rotates 
scapula 

3. Elevates scapula 


Scapula, medial border at 1. Retracts scapula 


First thoracic vertebral spine 2. Elevates scapula 
spine 
Levator scapulae Cervical transverse Scapula, medial border 1. Elevates scapula Dorsal scapular nerve 
processes 1-4 between superior angleand 2. Medially rotates 
rhomboid minor scapula 
Subclavius First costal cartilage Clavicle, inferior surface Holds clavicle to Nerve to subclavius 
sternum 
Pectoralis major, Sternum Humerus, lateral lip of 1. Protracts scapula Medial and lateral 
sternocostal* Costal cartilages 1-6 intertubercular sulcus 2. Depresses shoulder pectoral nerves 


Humerus, intertubercular 


Lower ribs 
Thoracolumbar fascia 
Iliac crest 


sulcus 


1. Depresses shoulder 

2. Medially rotates 
scapula 

3. Retracts scapula 


* The sternocostal part of the pectoralis major and latissimus dorsi can act on the scapula only when the shoulder is fixed. 
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Table 4.3 Movements of the shoulder girdle 


Movement Muscles Nerve supply (motor) 
Elevation Levator scapulae Dorsal scapular, and C. 3 and 4 
‘Trapezius, upper part 0 ACEesSsory 
‘Rhomboids Dorsal scapular 
‘Depression = Pectoralisminor Medial pectoral = 
‘Trapezius, lower part = ss s—tst=<—sé«~AWSSOYY 
‘Latissimusdors# ==s—s—i=<i*~=‘“‘;‘~;*«STracdrsal 
“Pectoralis major, lower sternocostal part* Medial pectoral = 
‘Protraction == Serratus anterior Long thoracic 
‘Pectoralisminor Medial pectoral = 
“Pectoralis major, sternocostal part® Medial and lateral pectoral = 
‘Retraction = Rhomboid major and minor Dorsal scapular 
Trapezius, middle part 0 Aeeessory 
‘Latissimusdors*# = Thoracodorsal = 
‘Lateral rotation, e.g. in abduction ofarm Serratus anterior, lower 5/8 0 Long thoracic 
Trapezius, upper and lower parts == Accessory 


Medial rotation 


* These muscles can only act on the scapula through a fixed shoulder joint. 


CLINICAL APPLICATION 4.1 Winging of the scapula 


The long thoracic nerve descends from the brachial plexus anterior is paralysed? (Answer: the medial border of the 


and runs on the lateral surface of the serratus anterior be- scapula would project posteriorly away from the thoracic 


fore supplying that muscle. It may be affected in metastatic 
cancer of axillary lymph nodes and surgical resection of ax- 
illary lymph nodes. It is also vulnerable to damage by direct 
trauma, such as a blow to the ribs, because of its superficial 
location when the arm is raised in sport or combat. 

Study question 1: what change would be observed 
in the position of the scapula at rest, when the serratus 


wall.) When the arm is raised, the medial border and in- 
ferior angle will move sharply away from the chest wall. 
Study question 2: what movements would be lost 
when the serratus anterior is paralysed? (Answer: lateral 
rotation of the scapula. Also the patient will not be able 
to abduct the arm above the horizontal, as this move- 
ment is dependent on lateral rotation of the scapula.) 


CLINICAL APPLICATION 4.2 Testing cranial nerve XI 


Functional assessment of cranial nerves is an essential 
part of the general physical examination. The distal part 
of the spinal accessory nerve (cranial nerve XI) is suscep- 
tible to injury in the neck due to its superficial position 
between the muscles. Injury to the spinal accessory nerve 
can cause diminished or absent function of the upper 
portion of the trapezius muscle. 

Study question 1: using your knowledge of move- 


ments of the shoulder girdle, name the movement most 
severely affected by injury to the spinal accessory nerve. 
(Answer: elevation of, or shrugging, the shoulder.) 

Study question 2: how does the physician test the 
function of cranial nerve XI? (Answer: the patient is asked 
to shrug the shoulder with and without resistance. A one- 
sided weakness of the trapezius indicates injury to the 
spinal accessory nerve of that side.) 


CHAPTER 5 


The free upper limb 





Introduction 


Regions of the free upper limb will be described and 
dissected in the subsequent chapters. This chapter 
gives an overview of the free upper limb, with spe- 
cial attention to the superficial veins, nerves, and 
lymphatics which are best studied in continuity 
from the shoulder down to the hand. 





The bones of the upper limb, their main parts, 
and surface projections, articulations, and move- 
ments at the joints are described here. Make use 
of the dried bones to identify the parts and bony 
landmarks. The surface anatomy of the upper limb 
should be appreciated on your own upper limb. 


The arm 


The humerus [Fig. 5.1] is almost entirely cov- 
ered by the muscles of the arm, so that its outlines 
can only be felt indistinctly. In the distal part, it 
expands transversely, and its lateral and medial 
margins (supracondylar ridges) become read- 
ily palpable. The lateral and medial margins end 
inferiorly in the lateral and medial epicondyles. 
The medial epicondyle is more prominent than the 
lateral epicondyle. In the anatomical position, the 
epicondyles are in the positions suggested by their 
names, and the hemispherical head of the humerus 
faces medially. When the palms of the hands face 
medially (the arm is semi-pronated), the lateral 
epicondyle is more anterior, and the head of the 
humerus is directed posteromedially. 


The upper half of the humerus is covered on 
its anterior, lateral, and posterior surfaces by the 
deltoid muscle. Inferiorly, the apex of that muscle 
is attached to the lateral side of the middle of 
the humerus—the deltoid tuberosity. The up- 
per part of the bone consists of the head. This is 
separated by a shallow groove—the anatomical 
neck from the greater (lateral) and lesser (ante- 
rior) tubercles. Both the head and tubercles are 
continuous inferiorly with the body or shaft of 
the bone through the narrow surgical neck. The 
greater tubercle is the most lateral bony part of the 
shoulder. The lower half of the bone is covered an- 
teriorly by the biceps and brachialis muscles, and 
posteriorly by the triceps muscle. The anterior sur- 
faces of the epicondyles and supracondylar ridges 
give rise to the forearm muscles. 

At the midpoint of the anterior surface of the 
bend of the elbow, find the tendon of the biceps. 
Medial to this, feel the pulsations of the brachial 
artery, and trace it superiorly on the medial side 
of the arm. The median nerve may be palpable, 
posteromedial to the artery. 

The distal end of the humerus articulates with the 
radius and ulna. There are four named bony promi- 
nences at this end. The medial and lateral epicon- 
dyles have been described. Immediately lateral to 
the medial epicondyle is the trochlea. The troch- 
lea has a pulley-shaped articular surface for articu- 
lation with the ulna. The capitulum lies lateral to 
the trochlea and has a rounded articular surface for 
the head of the radius. Three bony fossae (depres- 
sions) are seen at the lower end of the humerus, 
immediately above the articular surfaces. On the 
anterior surface, the coronoid fossa lies medially, 
superior to the trochlea, and the radial fossa is 
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Fig. 5.1 Right humerus. (A) Anterior aspect. (B) Posterior aspect. 


lateral, superior to the capitulum. On the posterior 
aspect, the single olecranon fossa lies superior to 
the trochlea. 


The forearm 


The two bones of the forearm are the radius (lat- 
eral) and the ulna (medial) [Figs. 5.2, 5.3]. Proxi- 
mally, the trochlear notch of the ulna [Fig. 5.2] 
articulates with the trochlea of the humerus 
[Fig. 5.1]. The ulnar trochlear notch has two 
processes—the coronoid process inferiorly and 
the olecranon process superiorly. The olecranon 
and coronoid fossa of the humerus are occupied 
by the olecranon process in full extension of the 
elbow, and the coronoid process in full flexion. 
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The proximal part of the ulna (the olecranon) is 
readily palpable. On its posterior surface is a trian- 
gular subcutaneous area which is continuous dis- 
tally with the posterior margin (border) of the 
ulna. The entire length of this posterior margin 
is palpable. The ulna ends distally in the styloid 
process which projects from the posteromedial 
aspect of the cylindrical, slightly expanded head 
of the bone [Figs. 5.2, 5.3]. This palpable margin 
not only allows the entire length of the ulna to be 
examined for fractures, but also forms the line of 
separation between the anteromedial flexor group 
of muscles of the forearm (supplied by the median 
and ulnar nerves) and the posterolateral extensor 
group (supplied by the radial nerve) [see Fig. 8.1]. 
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Fig. 5.2 Right radius and ulna (anterior surface). (A) Supinated position. (B) Prone position. 


The proximal end, or head, of the radius is a 
short cylinder. Its concave proximal surface articu- 
lates with the capitulum of the humerus, and its 
circumference articulates with the radial notch 
of the ulna and the annular ligament. The an- 
nular ligament is loop-shaped and attached to the 
margins of the radial notch on the ulna. It narrows 
inferiorly to fit the superior part of the neck of the 
radius [Figs. 5.2, 5.3]. This narrowing prevents the 
head from being pulled out of the ligament when 
the arm is pulled upon. Palpate the head of the 
radius just distal to the lateral epicondyle of the 


humerus, and feel it rotating within the annular 
ligament when you pronate and supinate your 
forearm. The radial tuberosity lies on the medial 
aspect of the radius, distal to the neck. It has the 
tendon of the biceps brachii attached to its poste- 
rior part. Beyond this point, the radius is markedly 
convex laterally, and only its distal part is readily 
palpable through the muscles which cover it. 


The wrist 


At the lower end, the radius expands into a cuboi- 
dal mass. The lateral surface of this mass extends 
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Fig. 5.3 Right radius and ulna (posterior surface). 


distally to form the blunt styloid process. When 
the thumb is fully extended, i.e. moved laterally, 
a surface depression—‘the anatomical snuff- 
box’—appears on the lateral side of the back of the 
wrist between the tendons passing to the thumb 
[Fig. 5.4]. The styloid process of the radius lies in 
the proximal part of the depression and is covered 
by tendons of the short extensor and long abduc- 
tor muscles of the thumb. The bones at the lateral 
ends of the proximal and distal rows of the carpal 
bones (scaphoid and trapezium) and the base of 
the metacarpal of the thumb [Figs. 5.5, 5.6] can be 
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Fig. 5.4 Boundaries of the anatomical snuffbox. Copyright 
Shutterstock. 
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Fig. 5.5 Palmar aspect of bones of the right hand. 


felt in the ‘snuffbox’, distal to the styloid process. 
Light pressure applied over the trapezium reveals 
the pulsations of the radial artery. The ‘radial 
pulse’ is more easily felt where the artery crosses 
the anterior surface of the distal end of the radius 
(medial to the styloid process). 
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Fig. 5.6 Dorsal aspect of bones of the right hand. 


Feel your radial and ulnar styloid processes 
simultaneously. Note that the radial styloid projects 
further distally than the ulnar styloid—a situation 
which is altered when the radius is fractured. If the 
tendon forming the posterior boundary of the ‘snuff- 
box’ (extensor pollicis longus) is followed proximal- 
ly, it curves round the medial surface of the dorsal 
tubercle of the radius which is readily palpable. 

The distal end of the radius articulates medially 
with the ulna (ulnar notch) and distally with the 
lateral two carpal bones—the scaphoid and lu- 
nate of the proximal row. This forms the only di- 
rect articulation of the carpal bones with the bones 
of the forearm. Forces transmitted from the hand 
to the forearm pass through the scaphoid and lu- 
nate to the radius—a feature which accounts for 
the fracture of the scaphoid or radius (but not the 
ulna) from falling on the outstretched hand. 

The dorsal surfaces of both rows of carpal bones 
can be felt through the tendons which cover 
them, though the individual bones cannot be de- 
fined. On the palmar surface of the wrist, only the 
pisiform bone (medially) and the tubercle of 
the scaphoid (laterally) can be felt at the level of 


the distal transverse skin crease (junction of the 
forearm and wrist) when the wrist is fully extended. 
If the wrist is passively flexed, the pisiform may be 
gripped between the finger and thumb and moved 
on the triquetrum bone with which it articulates, 
and the tendon of the flexor carpi ulnaris can 
be felt passing to its proximal surface [Fig. 5.7]. The 
hook of the hamate can be felt deeply through 
the proximal parts of the muscles forming the ball 
of the little finger (hypothenar eminence), and 
the tubercle of the trapezium can be felt deep- 
ly through the proximal parts of the muscles form- 
ing the ball of the thumb (thenar eminence). 
These four palpable bony points lying at the ends 
of the two rows of the carpal bones—tubercle of 
the scaphoid, pisiform, tubercle of the trapezium, 
and hook of the hamate—give attachment to the 
flexor retinaculum. The flexor retinaculum is 
the deep fascia which connects these bones, main- 
tains the palmar concavity of the carpal bones, and 
completes the fibro-osseous tunnel through which 
the flexor tendons and the median nerve pass from 
the forearm into the hand. 


The palm 


The skin of the central region of the palm is firm- 
ly bound to the thickened underlying deep fascia 
(palmar aponeurosis). The palmar aponeurosis 
is continuous distally with the deep fascia of the 
fingers and proximally with the flexor retinaculum 
and the tendon of the palmaris longus. If pre- 
sent, this tendon enters the palm, superficial to the 
retinaculum, and is the most superficial tendon im- 
mediately proximal to the wrist. Contraction of the 
palmaris longus and extension of the fingers tight- 
en the palmar aponeurosis and stabilize the pal- 
mar skin to maintain a firm grip. The distal skin 
crease of the palm lies just proximal to the meta- 
carpophalangeal joints, while that at the roots of 
the fingers lies approximately 3 cm distal to them 
[see Fig. 8.10]. The middle skin crease of each fin- 
ger lies at the level of the proximal interphalangeal 
joint, and the distal skin crease lies proximal to 
the distal interphalangeal joint. The metacarpals 
(hand bones) are readily palpated on their dorsal 
surfaces. When a fist is formed, the knuckles are 
the distal ends of the heads of the metacarpal 
bones, uncovered by the movement of the proxi- 
mal phalanges on to the palmar surfaces of these 
heads. The heads of the proximal and middle pha- 
langes of the fingers are similarly exposed. 
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Fig. 5.7 Flexor tendons at the wrist. Copyright Shutterstock. 


The digits 


The thumb has two phalanges; the other fin- 
gers have three. The thumb lies at right angles to 
the fingers, with its nail facing laterally and not 
posteriorly. Thus, flexion moves the tip of the 
thumb medially across the palm, while extension 
moves it laterally. Abduction swings the tip of 
the thumb anteriorly; adduction moves it to the 
index finger. The first carpometacarpal joint, be- 
tween the metacarpal of the thumb and the tra- 
pezium, allows for greater freedom of movement, 
when compared with the carpometacarpal joints 
of the fingers. To test this, grip the head of each 
metacarpal in turn, with the thumb and index fin- 
ger of your other hand on the palmar and dorsal 
surfaces, and attempt to move it. The metacarpal 
of the middle finger scarcely moves, while those 
of the index, ring, and little finger, in that order, 
have an increasing, but small, range of flexion and 
extension and slight rotation only in the little fin- 
ger. None can be abducted or adducted. Next flex 
your thumb at the metacarpophalangeal joint, and 
attempt to rotate its metacarpal using the phalan- 
ges as a lever. Only a small amount of movement is 
possible, compared with the free flexion/extension 
and abduction/adduction at the carpometacarpal 
joint of the thumb. 

Flexion of the metacarpophalangeal joint of 
the thumb is less than 90 degrees. It is 90 degrees 
in the index and middle fingers and exceeds this 
in the ring and little fingers. There is some degree 
of rotation in the ring and little fingers. Check 
the bones, and note that there is nothing in their 
contours to prevent rotation. Rotation is limited 
by ligaments. Also there is very little abduction or 
adduction at the metacarpophalangeal joint in the 
thumb, though it is relatively free in the fingers. 


The interphalangeal joint of the thumb 
flexes to approximately 90 degrees. The proximal 
interphalangeal joints of the fingers flex to more 
than 90 degrees, and the distal interphalangeal 
joints slightly less than 90 degrees. 

The fingers separate on extension and come to- 
gether in flexion. This is the result of the curve in 
which the heads of the metacarpals lie and a slight 
obliquity of the interphalangeal joints. Note also 
that the tips of all four fingers meet the palm at the 
same time, despite the differences in their lengths. 
Check your interphalangeal joints for rotation. 
This is minimal because of the shape of the articu- 
lar surfaces of the phalanges. 

Cup the palm of your hand by spreading the 
fingers as though to grasp a large ball. The hol- 
low between the proximal parts of the thenar and 
hypothenar eminences marks the position of the 
flexor retinaculum. The tightening of the skin 
on the medial side of the hypothenar eminence 
is produced by the contraction of the palmaris 
brevis which heaps up the hypothenar skin to 
form a pad for grasping. Note too that the thumb 
is slightly flexed at the carpometacarpal joint and 
rotated medially, so that its palmar surface faces 
that of the little finger (opposition), which is also 
rotated laterally. The other three fingers are not 
parallel to each other but, on flexion, converge to 
meet the tip of the thumb. 

See Dissection 5.1 for instructions on skin 
reflection of the front of the arm and forearm. 


DISSECTION 5.1: Skin reflection of the front of 
the arm and forearm-1 
Objectives 


|. To reflect the skin on the front of the arm and fore- 
arm. Il. To find the cutaneous vessels and nerves. 


Instructions 


1. Make incision 5, as shown in Fig. 3.3. Extend the 
incision along the anterior surfaces of all the fin- 
gers, leaving them covered with skin at present to 
avoid drying of the tissues. 


2. Strip the skin and superficial fascia from the deep 
fascia by blunt dissection. 


3. Note and follow the large cutaneous veins and the 
cutaneous nerves, as they pierce the deep fascia. 
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There are no special features about this fascia in the 
arm or forearm, but, in the palm, it contains dense 
bundles of fibrous tissue connecting the skin to the 
palmar aponeurosis. It is thickened transversely 
in the webs of the fingers to form the superfi- 
cial transverse metacarpal ligament. On the 
proximal part of the hypothenar eminence, it con- 
tains the palmaris brevis which passes from the 
skin of the medial border of the hand to the palmar 
aponeurosis. 
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The main superficial veins are extremely variable. 
They begin in the dorsal venous network of the 
hand—an irregular arrangement of veins on the 
dorsum of the hand, usually with a transverse ele- 
ment 2-3 cm proximal to the heads of the meta- 
carpals. This network receives the dorsal digital 
veins through the intercapital veins, and also 
communicating veins from the palm which pass 
through the intermetacarpal spaces. This network 
drains into a number of veins, of which one or 
more on the medial side form the basilic vein 
and on the lateral side the cephalic vein [Fig. 5.8]. 
Both the basilic and cephalic veins turn round the 
corresponding border of the forearm to reach the 
anterior surface and ascend on the anteromedial 
and anterolateral surfaces of the forearm [Figs. 5.8, 
5.9]. At the elbow, the arrangement of the super- 
ficial veins is variable, but they are usually united 
anterior to the cubital fossa by a median cubi- 
tal vein. Much of the blood in the cephalic vein is 
transferred to the basilic vein. Another common ar- 
rangement is shown in Fig. 5.10. The veins then as- 
cend on the corresponding sides of the biceps mus- 
cle. The cephalic vein pierces the deep fascia and 
runs between the pectoralis major and the deltoid 
in the deltopectoral groove to the infraclavicular 
fossa. Here it passes deep to join the axillary vein 
near the apex of the axilla. The basilic vein pierces 
the deep fascia at about the middle of the arm. It 
unites with the brachial veins and runs with the 
brachial artery to become the axillary vein at the 
lower border of the axilla [see Fig. 3.12]. 

Lightly compress your right arm with your left 
hand, and contract your right forearm muscles by 


clenching and unclenching your fist. This distends 
the superficial veins and makes them visible. 
Compare your superficial veins with those of the 
other students, and note their variability and the 
presence of a cephalic and a basilic vein in most 
cases. 


Lymph vessels and nodes of the 


upper limb 





It is not possible in an ordinary dissection to dis- 
play the lymph vessels in any part of the body, and 
lymph nodes are difficult to find. It is necessary, 
however, to know the arrangement of the vessels 
and nodes, because they form a common route for 
the spread of infection and cancer. The primary 
source of disease can often be deduced from the 
nodes which are involved. 

In the upper limb, as elsewhere, the lymph ves- 
sels and nodes are divided into two groups by the 
deep fascia—the superficial vessels and nodes, and 
the deep vessels and nodes. 

Deep lymph vessels, which are much less numer- 
ous than the superficial vessels, drain structures 
which are deep to the deep fascia. They accompany 
the main blood vessels and drain into the axillary 
lymph nodes. Some of the lymph they contain 
may have passed through a small number of deep 
lymph nodes which are occasionally found on 
the arteries of the forearm, in the cubital fossa, and 
on the brachial artery. 

The superficial lymph nodes of the upper 
limb are few in number: (1) one or two lie a little 
superior to the medial epicondyle near the basilic 
vein; and (2) a few are scattered along the upper 
part of the cephalic vein [see Fig. 3.12]. 

Superficial lymph vessels of the upper limb 
drain the skin and subcutaneous tissues, and most 
end in the lateral group of axillary nodes. The larger 
lymph vessels, unlike the veins, do not unite into 
larger trunks but run individual courses directly to- 
wards the axilla. The general arrangement of super- 
ficial lymph vessels is shown in Figs. 3.12 and 5.11. 
Note the following: (1) the dense palmar plexus 
drains mainly to the dorsum of the hand to join the 
posterior vessels of the forearm; (2) the vessels on 
the posterior surfaces of the forearm and arm spiral 
upwards round the medial and lateral surfaces to 
reach the anterior surface and approach the floor 
of the axilla; most vessels remain superficial, until 
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Fig. 5.8 Superficial veins and nerves of the back of the upper limb. 


they pierce the fascial floor of the axilla; however, 
some lymphatics on the medial aspect enter the 
superficial cubital nodes, and efferents from these 
nodes pass through the deep fascia with the basilic 
vein; (3) a few vessels from the lateral side of the 
arm and shoulder run with the cephalic vein into 
the apical axillary nodes; and (4) vessels from the 
shoulder and upper parts of the thoracic wall curve 
round the anterior and posterior axillary folds to 
enter the pectoral and subscapular groups of ax- 
illary nodes; those from the walls of the lower 
parts of the thorax and upper abdomen converge 
directly on the axilla. 
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Cutaneous nerves of the upper limb 


There are certain general principles about the dis- 
tribution of nerves to the skin which are of clinical 
importance. 


1. Each nerve which passes to the skin is distributed 
to a circumscribed area. The area of the upper limb 
skin supplied by spinal nerves C. 4 to T. 2 is shown 
in Fig. 5.12. 

2. Limb plexuses are formed by the plaiting together 
of the ventral rami of several spinal nerves. As a 
result of this: (a) each part of the plexus and each 


Supraclavicular Nn. 


Upper lateral 
cutaneous N. of arm 


Cephalic V. 


Lower lateral 
cutaneous N. of arm 





Lateral cutaneous 
N. of forearm 








Cephalic V. 

















Medial cutaneous N. of arm 
Basilic V. 


Medial cutaneous N. of forearm 


Basilic V. 


Posterior branch of medial 
cutaneous N. of forearm 


Anterior branch of medial 
cutaneous N. of forearm 


Palmar cutaneous 
branch of ulnar N. 


Palmar cutaneous 
branch of median N. 





Palmaris brevis 





Digital N. 


Fig. 5.9 Superficial veins and nerves of the front of the upper limb. 


branch of the brachial plexus contain nerve fibres 
from more than one ventral ramus—examples: the 
upper trunk contains fibres from C. 5 and C. 6; the 
ulnar nerve contains fibres from C. 8 and T. 1; and 
(b) several of these branches contain some nerve 
fibres from the same ventral ramus—example: the 
suprascapular nerve and the axillary nerve con- 
tain fibres from C. 5 and C. 6 [see Fig. 3.21]. Thus, 
the area of distribution of a cutaneous nerve, and 
consequently the area of sensory loss, when it is 


destroyed is different from the loss resulting from 
the destruction of a ventral ramus. 

Cutaneous nerves supplying adjacent areas of skin 
overlap with each other to a considerable degree. 
Thus, the destruction of a single cutaneous nerve 
leads to a total loss of sensation only in a small 
area within the area of distribution of that nerve. 
Surrounding this anaesthetized area, there will be 
an area of altered sensation due to the presence of 
nerve fibres from adjacent uninjured nerves. 
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Fig. 5.10 Commonly seen arrangement of superficial veins at the bend of the elbow. 


Each thoracic spinal nerve (except for T. 1 which 
is involved in the formation of a plexus) supplies a 
strip of skin (dermatome) which overlaps those 
of adjacent nerves, so that destruction of a single 
thoracic spinal nerve produces only altered sensa- 
tion within its dermatome. In the plexus regions, 
each ventral ramus supplies a circumscribed area 
of skin in sequence with, and overlapped by, the 
areas of adjacent ventral rami. The overlap of these 
dermatomes is accounted for by the presence of 
nerve fibres from multiple ventral rami in every 
branch of the plexus. 


4. Major branches of the plexus, i.e. the main 


nerves of a limb, give rise to several cutaneous 
branches which leave them at different points. 
Destruction of a nerve before it has given off any 
branches will produce a different distribution of 
sensory loss to that which occurs when the nerve 
is destroyed after giving off one or more branch- 
es. It is more important to know the total distri- 
bution of these major nerves than that of their 
individual cutaneous branches. But the ability to 


make a detailed diagnosis of the site of an injury 
depends on knowing the distribution of the indi- 
vidual cutaneous nerves and the approximate site 
of origin of these nerves from the parent trunk 
[see Fig. 10.1]. 

The diagrams of nerve distribution in this book 
take no account either of the overlap or of the fact 
that nerve fibres may sometimes pass to their des- 
tinations by unusual routes and hence modify the 
expected clinical effects of destruction of a particu- 
lar nerve. 

5. In both upper and lower limbs, the nerves which 
pass to the anterior surface supply a greater area of 
the skin than those which pass to the posterior sur- 
face. In the upper limb, this means that a greater 
part of the skin is supplied by nerves arising from 
the medial and lateral cords of the brachial plexus 
which are formed from the anterior divisions of 
the trunks of the plexus. 


Dissection 5.2 continues the study of the cutane- 
ous nerves of the forearm. 


Vessels from 
back of chest 


Vessels passing 
to front of limb 


Tributaries from 
cutaneous plexuses 


Lateral digital vessels — 





Vessels of 
shoulder 


‘Lymphshed’ on 
back of upper limb 


Vessels passing 
to front of limb 


Fig. 5.11 Superficial lymph vessels and lymph nodes of the back of the upper limb. 


DISSECTION 5.2: Cutaneous nerves of the front 
of the arm and forearm-2 


Objective 
|. To continue the study of the cutaneous nerves of 
the forearm. 


Instructions 


1. Many of the cutaneous nerves will have been 
found when the skin and superficial fascia were 
removed from the upper limb, but their distribu- 
NCMSs@estGeleimMinealy, O 
and 5.9, since they are very difficult to follow 
through the superficial fascia. 


2. Retain nerves that have been found piercing the 
deep fascia, so that they can later be traced to 
their parent nerves. 


Cutaneous nerves from the spinal 
nerves adjacent to the brachial plexus 


(a) The supraclavicular nerves (C. 3, 4) descend 
from the neck, cross the superficial surface of the 
clavicle and acromion, and supply the skin over 
the upper part of the front of the chest and del- 
toid muscle to the level of the sternal angle [see 
Fig. 3.7]. 

(b) The intercostobrachial nerve (T. 2)—this lat- 
eral cutaneous branch of the second intercostal 
nerve enters the axilla from the second intercostal 
space. It descends obliquely across the axilla, com- 
municates with the medial cutaneous nerve of the 
arm, and sends branches to the floor of the axilla. 
It pierces the deep fascia below the axilla to supply 
the skin on the upper posteromedial part of the 
arm [Fig. 5.8]. 
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Fig. 5.12 Dermatomes of the upper limb. (A) Front of the upper 
limb. (B) Back of the upper limb. After Head, 1893, and Foerster, 
1s; 


Cutaneous nerves from the posterior 
cord 


These supply the posterior surface of the limb. They 
arise from either the axillary or the radial nerve. 


(a) Cutaneous branches of the axillary nerve [Figs. 5.8, 
5.9]: the upper lateral cutaneous nerve of 
the arm (C. 5, 6) pierces the deep fascia at a vari- 
able point posterior to the lower half of the deltoid 
muscle. It curves round the posterior border of that 
muscle and supplies the skin over its lower half. 

(b) Cutaneous branches of the radial nerve [Figs. 5.8, 
5.9, see also Fig. 10.1]: 


(i) The posterior cutaneous nerve of the 
arm (C. 5) arises in the axilla, pierces the 
deep fascia below the posterior axillary fold, 
and supplies the skin of the back of the arm 
from the insertion of the deltoid to the olec- 
ranon. 

(ii) The lower lateral cutaneous nerve of the 
arm (C. 5, 6) arises posterior to the humerus 
and pierces the deep fascia below the insertion 
of the deltoid. It supplies the skin of the lateral 
side of the arm below that insertion. 


(iii) The posterior cutaneous nerve of the 
forearm (C. 6, 7, 8) arises with the lower 
lateral cutaneous nerve of the arm and 
pierces the deep fascia below it. It gives some 
branches to the lateral side of the arm, de- 
scends posterior to the lateral epicondyle, 
and lies in the middle of the back of the fore- 
arm. It supplies the skin on the back of the 
forearm to the level of the wrist or occasion- 
ally on to the dorsum of the hand. 

(iv) The superficial branch of the radial 
nerve (C. 6, 7, 8) is a terminal branch of the 
radial nerve. It descends in the forearm be- 
tween the extensor and flexor muscle groups, 
passes posteriorly in the distal half of the fore- 
arm, and pierces the deep fascia 5 cm superior 
to the styloid process of the radius. It supplies 
the lateral two-thirds of the dorsum of the 
hand, the dorsal surfaces of the thumb, and 
the lateral two and a half fingers through five 
dorsal digital nerves. These do not supply 
the terminal parts of the fingers. The area sup- 
plied by the nerve varies reciprocally with the 
other nerves with which it communicates on 
the dorsum of the hand (ulnar, posterior cu- 
taneous nerve of the forearm, and median). 


Cutaneous nerves from the lateral cord 


They arise from the musculocutaneous nerve [Figs. 
5.8, 5.9, see also Fig. 10.1]. 


(a) The lateral cutaneous nerve of the forearm 
(C. 5, 6) pierces the deep fascia just lateral to the bi- 
ceps, 2-3 cm proximal to the bend of the elbow. It 
divides into anterior and posterior branches which 
supply the anterolateral and posterolateral surfaces 
of the forearm, the anterior extending on to the 
ball of the thumb. 


Cutaneous nerves from the medial cord 


They arise from either the medial cord or the ulnar 
nerve. 


(a) Cutaneous branches of the medial cord [Figs. 5.8, 
5.9, see also Fig. 10.1]: 

(i) The medial cutaneous nerve of the arm 
(T. 1, 2) pierces the deep fascia on the medial 
side of the middle of the arm. It supplies the 
skin on the medial side of the inferior half of 
the arm, posterior to the basilic vein. 

(ii) The medial cutaneous nerve of the fore- 
arm (C. 8, T. 1) pierces the deep fascia with 
the basilic vein. As it descends, it divides into 
anterior and posterior branches which supply 


the anteromedial and posteromedial surfac- 
es of the forearm to the wrist. The anterior 
branch supplies the skin of the distal part of 
the front of the arm, and together they sup- 
ply the skin of the medial half of the forearm. 


(b) Cutaneous branches of the ulnar nerve (C. 8, T. 1, 
with fibres of C. 7 received from the median nerve 
in the axilla) [Figs. 5.8, 5.9, see also Fig. 10.1]: this 
nerve supplies only skin in the hand and fingers. 


(i) 


(ii) 


(iii) 


The dorsal branch of the ulnar nerve 
(C. 7, 8) arises from the ulnar nerve in the 
middle of the forearm and descends with it 
almost to the pisiform bone. It then passes 
obliquely backwards across the medial sur- 
face of the carpus to divide into two dorsal 
digital nerves. These supply the skin of 
the medial third of the back of the hand and 
the dorsal surfaces of the little finger and the 
medial half of the ring finger, except for the 
terminal part of the fingers which is supplied 
by the palmar digital branches of the ulnar 
nerve. 

The palmar (cutaneous) branch of the 
ulnar nerve (C. 7, 8) arises in the distal half 
of the forearm, pierces the deep fascia anteri- 
or to the wrist, and supplies the medial third 
of the palmar skin. 

Two palmar digital nerves (C. 7, 8) arise 
from the superficial branch of the ulnar 
nerve, distal to the pisiform bone. The me- 
dial nerve is the proper palmar digital nerve 
to the medial side of the little finger. The lat- 
eral nerve is a common palmar digital nerve 
which divides near the cleft between the little 
and ring fingers to give a proper palmar digi- 
tal nerve to the contiguous sides of each. (Pal- 
mar and plantar digital nerves and arteries are 


called ‘proper’ when each is distributed only 
to one finger or toe. The term ‘common’ in- 
dicates that the nerve or artery is distributed 
to two adjacent fingers or toes as two proper 
digital branches.) 


Cutaneous nerves from branches of the 
medial and lateral cords 


(a) Cutaneous branches of the median nerve (C. 5, 6, 
7 from the lateral cord; C. 8, T. 1 from the medial 
cord) which supply the skin in the hand [Figs. 5.8, 
5.9, see also Fig.10.1]: 


(i) 


(ii) 


The palmar (cutaneous) branch (C. 6, 7, 
8) arises a little superior to the wrist, pierces the 
deep fascia just above it, and descends to sup- 
ply the lateral two-thirds of the palmar skin. 
Five palmar digital branches (C. 6, 7, 8) 
arise in the palm. The medial two are com- 
mon palmar digital nerves. Each divides near 
the cleft on the medial and lateral aspects 
of the middle finger [see Fig. 8.10] to form 
a proper palmar digital nerve to each side of 
that cleft. The common palmar digital nerve 
to the ring and middle fingers communicates 
with the ulnar nerve. The next palmar digi- 
tal nerve is the proper palmar digital nerve to 
the lateral side of the index finger. The lateral 
two nerves curve round the distal border of 
the thenar eminence as proper palmar digital 
nerves to the sides of the thumb. The proper 
palmar digital nerves not only supply the cor- 
responding parts of the fingers, but also send 
branches to the dorsal skin on the middle and 
terminal phalanges. 


Dissection 5.3 examines the palmar aponeurosis 
and the cutaneous nerves of the palm. 


DISSECTION 5.3: Palmar aponeurosis and cutaneous nerves of the palm 


Objectives 


|. To examine the palmar aponeurosis. 


Il. To identify 


and trace the common and proper palmar digital nerves, 


the dorsal branch of the ulnar nerve, and the superficial 


branch of the radial nerve. 


Instructions 


1. Expose the palmar aponeurosis by removing the su- 


perficial fascia from the palm. Follow it proximally into 


continuity with the deep fascia of the forearm and the 


palmaris longus tendon. Follow it distally to the slip 


which it sends to the palmar surface of each finger. 


. Look between these slips for the three common pal- 


mar digital nerves, and follow them and their branch- 


es (proper palmar digital nerves) into the fingers. 


. Identify and follow the proper palmar digital arteries 


which accompany the nerves. 


. Find the proper palmar digital nerve to the medial side 


of the little finger on the hypothenar eminence [see 


Fig. 8.5], and follow it distally. 
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5. Find the corresponding nerve to the lateral side of the 
index finger, immediately lateral to the slip of the pal- 
mar aponeurosis to that finger. 


6. Find the digital nerves of the thumb at the distal mar- 
gin of the thenar eminence [see Fig. 8.5], and trace 
them into the thumb. 


7. Remove the fat from the medial side of the wrist, dis- 
tal to the ulnar styloid process, and expose the dor- 
sal branch of the ulnar nerve. Follow it and its dorsal 





Deep fascia of the upper limb 


The following specializations of the deep fascia of 
the upper limb should be noted. On the dorsal sur- 
face of the scapula, a dense layer of fascia extends 
from the spine of the scapula to the margins of the 
infraspinous fossa [see Fig. 4.2]. Superolaterally, it 
splits to enclose the deltoid muscle. 

In the arm, the deep fascia is strongest posteri- 
orly where it covers the triceps muscle. Below the 
insertion of the deltoid, it is thickened on each side 
and sends strong medial and lateral intermus- 
cular septa to the corresponding supracondylar 
lines and epicondyles of the humerus. These septa 
lie between the triceps muscle posteriorly and the 
muscles attached to the anterior surface of the dis- 
tal half of the humerus [see Fig. 6.2]. 

At the elbow, the deep fascia is thickened by ex- 
tensions from the triceps and biceps muscles, and 
by the origin of the forearm muscles from its deep 
surface. The bicipital aponeurosis is a strong 
slip which extends medially from the tendon of 
the biceps to the deep fascia and the subcutane- 
ous posterior border of the ulna. The aponeurosis is 
readily felt by sliding a finger down the medial side 
of the taut biceps tendon. 

The wrist has thickened bands of deep fascia at- 
tached to all the subcutaneous bony points (reti- 
nacula). The extensor retinaculum binds down 
the extensor tendons posteriorly and laterally. The 
flexor retinaculum binds down the flexor tendons 
and median nerve anteriorly. Both retinacula act as 
pulleys for the corresponding tendons which slide 
freely deep to them in synovial sheaths when the 
wrist is moved. 

The flexor retinaculum is a strong band (ap- 
proximately 2 x 2 cm) which is continuous with 


digital branches, thus confirming the presence of four 
digital nerves (two palmar and two dorsal) in the little 
finger, as in each of the digits. 


8. Expose the deep fascia on the lateral surface of the 


lower end of the radius, and find the superficial 
branch of the radial nerve. Trace its branches to the 
thumb and fingers, and note its communication with 
the dorsal branch of the ulnar nerve. 


the deep fascia of the forearm at the distal flexor 
skin crease of the wrist. Proximally, it is attached 
to the tuberosity of the scaphoid and the pisiform 
bone. Distally, it is attached to the tubercle of the 
trapezium and the hook of the hamate bone, and is 
continuous with the palmar aponeurosis. It forms 
the anterior limit of the carpal tunnel. Its superfi- 
cial surface gives the origin of the thenar and hy- 
pothenar muscles. 

The extensor retinaculum extends from the 
lateral aspect and the styloid process of the radius 
to the ulna. Its deep surface is attached to the sub- 
cutaneous parts of these bones, and the space deep 
to it is divided into a number of compartments. 
The extensor tendons pass through these compart- 
ments [see Fig. 1.6]. Distally, the extensor retinacu- 
lum is continuous with the thin deep fascia of the 
dorsum of the hand which fuses, in its turn, with 
the extensor tendons of the fingers. 

In the palm, the deep fascia is thin over the the- 
nar and hypothenar eminences but is thickened 
between them to form the palmar aponeurosis. 
Distally, the palmar aponeurosis splits into slips 
passing to each finger. The edges of these slips turn 
back around the long flexor tendons of the finger, 
forming a tunnel around them [see Fig. 8.5]. This 
tunnel is continuous with a dense fibrous tunnel in 
the finger—the fibrous flexor sheath. The poste- 
rior margins of the fibrous flexor sheath are attached 
to the edges of the palmar surfaces of the phalan- 
ges. The sheath, along with the bone, produces a 
fibro-osseous tube, through which the long flexor 
tendons of the fingers pass to the phalanges. Within 
the fibrous flexor sheath, the tendons are enclosed 
in synovial sheaths to facilitate their movement. 

See Clinical Applications 5.1 and 5.2 for the prac- 
tical implications of the anatomy described in this 
chapter. 


CLINICAL APPLICATION 5.1 Intravenous injections 


The median cubital vein is most frequently utilized for 
venepuncture (taking of a blood sample, administering 
intravenous drugs, transfusing blood), because the vein 
is large, superficially located, and therefore easily seen 
and felt. 

Study question 1: where is this vein located? (Answer: 
cubital fossa—superficial fascia.) 

Study question 2: which two superficial veins does this 
vein connect? (Answer: cephalic and basilic.) Distension 
of these veins is accomplished by applying a tourni- 
quet mid arm and by asking the patient to clench and 
unclench the fist. 


CLINICAL APPLICATION 5.2 


A 10-year-old boy was given an armpit crutch to help 
him walk after he fractured his right femur. A few days 
later, he complained of a sensation of numbness and tin- 
gling over the outer part of his right shoulder and lateral 
side of his right upper arm. 

Study question 1: what is the sensory innervation to the 
affected area? (Answer: the lower lateral cutaneous nerve 


Study question 3: which veins are compressed by the tour- 
niquet at mid arm? (Answer: basilic vein and brachial veins.) 

Known complications: thrombosis formation with 
occlusion of the injected vein is a common consequence 
of intravenous injection. This obliteration may be asympto- 
matic or may result in inflammation of the vein—phlebitis. 
Leakage of the injected drug could lead to injury of the lat- 
eral or medial cutaneous nerve of the forearm. Inadvertant 
puncture of the brachial artery is known to occur. 

Study question 4: what firm structure normally sepa- 
rates the median cubital vein from the brachial artery? 
(Answer: bicipital aponeurosis.) 


Paraesthesiae over the shoulder 


of the arm, a branch of the axillary nerve.) 

Study question 2: what nerve is likely to be compressed? 
(Answer: axillary nerve.) 

Study question 3: what is the probable cause of the 
injury? (Answer: pressure on the axillary nerve due to 
improper use of the armpit crutch.) 


Deep fascia of the upper limb 
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CHAPTER 6 


The shoulder 





Begin by reviewing the scapula and proximal part 
of the humerus [see Figs. 4.2, 4.3, 5.1]. 

Make use of the dried bone to identify the parts 
of the scapula. The scapula is a thin triangular 
plate of bone which lies at a tangent to the poste- 
rolateral surface of the thorax. It has a long, slight- 
ly thickened medial border which meets the thin, 
concave superior border at the superior angle 
and the markedly thickened lateral border (mar- 
gin) at the inferior angle. The lateral angle is the 
thickest part of the bone. It is truncated (the apex 
of the angle is cut), so that the end forms the shal- 
low, pear-shaped glenoid cavity. The glenoid 
cavity is continuous with the rest of the scapula 
through the neck of the scapula and faces an- 
terolaterally to articulate with the hemispherical 
head of the humerus. 

The coracoid is a thick buttress which extends 
anterosuperiorly from the neck of the scapula and 
the upper part of the glenoid cavity to end in the 
coracoid process. The scapular notch sepa- 
rates the coracoid laterally from the remainder of 
the superior border. 

The dorsal surface of the scapula is divided into 
supraspinous and infraspinous fossae by the 
spine of the scapula. The spine runs from the 
medial border of the scapula to its neck and in- 
creases in height laterally. The posterior surface 
of the spine (crest of the spine) widens later- 
ally to become the flattened acromion which 
projects forwards at the palpable acromial an- 
gle [see Fig. 4.2]. The acromion and coracoid 
form two parts of an incomplete bony arch above 


the glenoid cavity and the head of the humerus 
which articulates with it. This coracoacromi- 
al arch is completed by the coracoacromial 
ligament. Above the coracoacromial ligament, 
the lateral end of the clavicle articulates with the 
acromion. 

The clavicle is attached to the coracoid process 
through the powerful coracoclavicular liga- 
ments. The acromion and the coracoid process 
arch forwards, each leaving a space beneath. The 
subscapularis passes from the subscapular fossa 
of the scapula beneath the coracoid process. The 
supraspinatus passes from the supraspinous fossa 
beneath the acromion. The thick lateral border 
of the scapula gives attachment to the two teres 
muscles which also pass to the humerus. 

The expanded proximal end of the humerus 
consists of the hemispherical articular head, 
which faces medially, upwards, and backwards. 
The remainder of the expanded end is formed by 
two tubercles—the greater tubercle faces later- 
ally, the lesser tubercle anteriorly. The tubercles 
are separated from each other by the intertuber- 
cular sulcus. This sulcus transmits the tendon of 
the long head of the biceps muscle which arises 
from the supraglenoid tubercle. The intertu- 
bercular sulcus continues inferiorly on the surgical 
neck and upper part of the body of the humerus 
as a Shallow groove bounded by the medial and 
lateral lips of the intertubercular sulcus 
[see Fig. 5.1]. The lateral lip of the intertubercu- 
lar sulcus is continuous inferiorly with the an- 
terior limb of the V-shaped deltoid tuberos- 
ity. The lesser tubercle is the site of insertion of 
the subscapularis. The greater tubercle has three 
facets (superior, posterosuperior, and posterior) 
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for the insertion of the supraspinatus, infraspi- 
natus, and teres minor, respectively. The greater 
and lesser tubercles are separated from the head by 
a shallow sulcus, the anatomical neck. The up- 
per end of the humerus is separated from the body 
by the surgical neck. 


Muscles attaching the humerus 


to the scapula 





Muscles attaching the humerus to the scapula are 
best described in two groups: 


(a) Those which have considerable mechanical 
advantage over the shoulder joint by being at- 
tached at some distance from it—deltoid, teres 
major, coracobrachialis, and biceps brachii (short 
head). 

(b) Those which lie close to the shoulder joint and 
have a smaller mechanical advantage over it. 
They help to stabilize the joint in any position 
and act as the main ligaments of the joint—sub- 
scapularis, supraspinatus, infraspinatus, teres mi- 
nor, and the long heads of the biceps and triceps 
brachii. 


Deltoid 


This large muscle forms the bulge of the shoulder. 
It takes origin from the lateral third of the clavicle, 
acromion, and spine of the scapula [see Fig. 4.5] 
and is inserted into the deltoid tuberosity of the 
humerus [Figs. 6.1, 6.2, 6.3]. Nerve supply: ax- 
illary nerve. Actions: the anterior fibres flex and 
medially rotate the shoulder; the middle fibres ab- 
duct the shoulder, and the posterior fibres extend 
and laterally rotate the shoulder. 


Subscapularis 


The subscapularis originates from a wide area 
on the costal surface of the scapula [see Fig. 4.3]. 
It is inserted on the lesser tubercle of the humerus 
[Fig. 6.2]. The fibres fuse with the capsule of the 
shoulder joint and are separated from it and the 
lateral part of the costal surface of the scapula by 
the subscapular bursa [Fig. 6.4]. The subscapular 
bursa frequently communicates with the cavity 
of the shoulder joint. Nerve supply: upper and 
lower subscapular nerves. Actions: medial rotation 
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Fig. 6.1 Posterior aspect of the humerus to show muscle 
attachments. 


of the shoulder. Plays an important role in stabiliz- 
ing the shoulder joint. 


Supraspinatus 


The supraspinatus arises from the supraspinous 
fossa of the scapula and is inserted on the superior 
facet on the greater tubercle of the humerus [see 
Figs. 4.6, 6.2]. Its fibres pass under the coracoac- 
romial ligament. Nerve supply: suprascapular 
nerve. Action: abduction of the shoulder joint. 


Infraspinatus 


The infraspinatus arises from the infraspinous 
fossa of the scapula and is inserted on the middle 
facet on the greater tubercle of the humerus [see 
Figs. 4.6, 6.1]. Nerve supply: suprascapular nerve. 
Action: lateral rotation of the shoulder joint. 
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Fig. 6.2 Anterior aspect of the humerus to show muscle 
attachments. 


Teres major 


The teres major takes origin from the lateral one- 
third of the lateral margin of the scapula. Its fibres 
pass to the anterior surface of the humerus and 
are inserted into the medial lip of the intertuber- 
cular sulcus [see Figs. 4.6, 6.2]. The lower margin 
is closely related to the latissimus dorsi and forms 
the posterior axillary fold. Nerve supply: lower 
subscapular nerve. Actions: adduction and medial 
rotation of the shoulder joint. 


Teres minor 


The teres minor takes origin from the superior two- 
thirds of the inferior margin of the scapula and is 
inserted into the posterior facet on the greater tu- 
bercle of the humerus [see Figs. 4.6, 6.1]. Nerve 
supply: axillary nerve. Actions: lateral rotation 
and stabilization of the shoulder joint. 
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Fig. 6.3 Deltoid muscle and lateral aspect of the arm. 
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Fig. 6.4 MR axial image of the shoulder. 
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DISSECTION 6.1 Shoulder region-1 


Objectives muscles which arise from the lateral margin of the 
|. To study the deltoid, infraspinatus, teres minor, and scapula. 

long head of the triceps, and to identify the boundaries 4. Turn the detached part of the deltoid forwards; iden- 
of the quadrangular and triangular spaces. Il. To iden- tify the axillary nerve (from which the upper lateral 


tify and trace the axillary and radial nerves. cutaneous nerve of the arm arises) and the posterior 


Instructions humeral circumflex vessels supplying its deep surface. 


1. Remove the fascia from the surface of the deltoid > Trace these on the surgical neck of the humerus 


muscle, and study its attachments. It has a V-shaped 


through the quadrangular space |Fig. 6.5], inferior to 
the teres minor and the articular capsule of the shoul- 


a origin from the lateral third of the clavicle, the acro- = 
= mion, and the crest of the spine of the scapula. It is der joint. 
= inserted into the deltoid tuberosity of the humerus. . Expose the long head of the triceps medial to the 
p Note that the long anterior and posterior fibres run quadrangular space. It descends from the infragle- 
parallel to each other on the corresponding surfaces noid tubercle of the scapula and passes between 
of the shoulder joint. The lateral fibres are short and the teres minor and the major muscles close to the 
72 multipennate to increase the power of this part. humerus. 


. Separate the muscle from the spine of the scapula, 


and turn this part downwards to expose the underly- 
ing infraspinatus muscle. Remove the dense deep 
fascia from the surface of the infraspinatus. Define its 
attachments to the infraspinous fossa and the greater 
tubercle of the humerus. 


. Find the inferior border of the infraspinatus, and 


separate it from the teres major and the minor 


Spine of scapula 
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. Find the branch of the axillary nerve to the teres 


minor, and follow this muscle to its attachments 
separating it from the teres major. 


. Divide the remainder of the deltoid from the acro- 


mion and clavicle, and turn it downwards. It lies on 
the proximal end and surgical neck of the humerus, 
superficial to the anastomosis of the circumflex 
humeral vessels [Fig. 6.6]. 
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Fig. 6.5 Dissection of the scapular region and back of the arm showing the quadrangular and triangular spaces. The lateral head of the 
triceps has been divided and turned aside to expose the spiral groove on the humerus. 


Fig. 6.6 Diagram of the circumflex humeral arteries and axillary nerve. 1. Axillary artery. 2. Anterior circumflex humeral artery. 3. Posterior 
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circumflex humeral artery. 4. Axillary nerve. 5. Articular branch. 6. Humerus. 7. Branch to teres minor. 8. Cutaneous branches. 


Dissection 6.1 explores the shoulder region. 


Dissection 6.2 continues to explore the shoulder 


region. 


DISSECTION 6.2 Shoulder region-2 


Objectives 

I. To study the teres major, coracobrachialis, short head 
of biceps and subscapularis. II. To identify and trace the 
axillary and radial nerve. _ III. To explore the subacromial 


and subscapular bursa. 


Instructions 


1. On the anterior surface of the scapula, follow the sub- 
scapularis muscle from the subscapular fossa to the 
lesser tubercle [Fig. 6.7]. 


2. Separate it inferiorly from the teres major, and trace 
that muscle to its insertion on the medial lip of the 
intertubercular crest of the humerus immediately 
behind the insertion of the latissimus dorsi. Both 
these insertions are lateral to the coracobrachialis and 
the short head of the biceps which descend in front 
of them from the coracoid process. 


3. Find the axillary nerve arising from the posterior 
cord of the brachial plexus, and follow it to the quad- 
rangular space which, when seen from the front, is 
between the subscapularis and teres major. 


4. Identify the radial nerve as it arises from the poste- 
rior cord. It descends between the parts of the triceps 
muscle, after giving branches to the long and medial 
heads [Fig. 6.5]. 


z 


Remove the fascia covering the coracobrachialis 
and the short head of the biceps from the coracoid 
process to the insertion of the coracobrachialis on the 
medial aspect of the body of the humerus. 


Follow the musculocutaneous nerve from the lat- 
eral cord of the brachial plexus into the medial aspect 
of the coracobrachialis, and find the branch which it 
gives to that muscle. 


Pull these muscles medially, and identify the tendon 
of the long head of the biceps. It lies in the intertu- 
bercular sulcus posterolateral to the short head. Fol- 
low the long head upwards to the lower border of the 
lesser tubercle where it disappears deep to the articu- 
lar capsule of the shoulder joint. 


Move the fascia covering the superior surface of the 
greater tubercle of the humerus. It slides easily on the 
tubercle because of the subacromial bursa deep to 
the fascia. 


Make a small incision into the bursa, and explore its 
limits with a blunt seeker. Then open it widely. The 
bursa separates the superior surface of the humerus 
and the capsule of the shoulder joint from the ac- 
romion and coracoacromial ligament, and makes a 
secondary synovial socket for the humerus with the 
coracoacromial arch. 


Muscles attaching the humerus to the scapula 
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Fig. 6.7 Diagram showing the attachments of the subscapularis. 





Axillary nerve 


The axillary nerve is a terminal branch of the pos- 
terior cord of the brachial plexus and is formed 
near the lower border of the subscapularis. It curves 
back on the lower border of the subscapularis and 
passes through the quadrangular space with the 
posterior circumflex humeral artery. It lies medial 


to the surgical neck of the humerus, immediate- 
ly inferior to the capsule of the shoulder joint. 
The nerve gives a branch to the shoulder joint 
and then divides into anterior and posterior 
branches. 

The posterior branch supplies the teres minor 
and the posterior part of the deltoid. It then de- 
scends over the posterior border of the deltoid and 
supplies the skin over the lower half of that muscle 
as the upper lateral cutaneous nerve of the 
arm [see Fig. 5.8]. 

The anterior branch continues horizontally 
between the deltoid muscle and the surgical neck 
of the humerus. It supplies the deltoid and sends a 
few branches through it to the overlying skin. 

© The axillary nerve is at risk in downward dis- 
location of the head of the humerus and in frac- 
tures of the surgical neck of the humerus because 
of its close relation to the joint and the bone [see 
Fig. 6.11]. When it is damaged, the deltoid and teres 
minor muscles are paralysed. 


Circumflex humeral arteries 





The anterior and posterior circumflex humeral ar- 
teries are branches of the third part of the axillary 
artery. Together they form a circular anastomo- 
sis at the surgical neck of the humerus [Fig. 6.6]. 
They supply the surrounding muscles, the shoulder 
joint, and the upper end of the humerus. They also 
anastomose with the profunda brachii artery by a 
descending branch. 

Dissection 6.3 continues to explore the shoulder 
region. 


DISSECTION 6.3 Shoulder region-3 


Objectives 


|. To study the supraspinatus and infraspinatus. II. To 
identify and trace the suprascapular nerve, suprascapular 
artery, and circumflex scapular artery. Ill. To study the 
coracoacromial ligament, and subacromial and subscap- 


ular bursae. IV. To study the acromioclavicular joint. 


Instructions 


1. Remove the subacromial bursa, and expose the 
supraspinatus passing from the supraspinous fossa, 
beneath the coracoacromial arch and bursa, to the 


superior surface of the greater tubercle. The tendon 
of the supraspinatus is firmly fused to this part of the 
capsule of the shoulder joint [Fig. 6.8]. 


2. Cut across the infraspinatus and teres minor muscles 


at the level of the neck of the scapula. Turn their parts 
medially and laterally [Fig. 6.9]. 


3. Find the suprascapular and circumflex scapular ar- 


teries passing deep to the muscles and anastomosing 
on the posterior surface of the scapula [Fig. 6.9]. 


4. Find the suprascapular nerve as it enters the deep 


surface of the infraspinatus from the supraspinatus. 


The tendons of the teres minor and infraspinatus fuse 
with the capsule of the shoulder joint as they pass to 
the greater tubercle of the humerus. There may be a 
bursa deep to the tendon of the infraspinatus, and 
this may communicate with the cavity of the shoulder 
joint [Fig. 6.8]. 

5. Follow the tendon of the long head of the triceps to 
its attachment on the infraglenoid tubercle, and find 
the dependent part of the capsule of the shoulder joint 
lateral to it. The axillary nerve passes posteriorly on 
the surgical neck of the humerus, immediately inferior 
to this part of the capsule, and sends a branch to it. 


6. Cut across the subscapularis at the neck of the scap- 
ula, and reflect its parts. Laterally, it is fused with the 
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The suprascapular nerve arises from the upper trunk 
of the brachial plexus (C. 5, 6) [see Fig. 3.21]. It passes 
downwards and backwards, superior to the plexus, 
to join the suprascapular vessels. It enters the su- 
praspinous fossa through the scapular notch. Here 
it supplies the supraspinatus and gives branches to 
the acromioclavicular and shoulder joints. The nerve 
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capsule of the shoulder joint. Medially, it is separated 
from the neck of the scapula and the root of the cora- 
coid process by the subscapular bursa. This bursa 
facilitates movement of the muscle over these bony 
structures. It communicates with the cavity of the shoul- 
der joint through an aperture in its capsule [Fig. 6.10]. 


7. Remove the trapezius and the remainder of the del- 
toid from the capsule of the acromioclavicular joint. 


. . >= 
8. Cut away the superior part of the capsule (acromio- D 
clavicular ligament) of this joint, and note the articular 5 
disc separating the two bones. 2 
a 
9. Identify the suprascapular artery and nerve cross- 5 
ing the superior margin of the scapula at the scapular T 
: Q- 
notch |Fig. 6.9]. 
otch |Fig. 6.9] z 
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then descends immediately lateral to the root of the 
spine of the scapula to enter the infraspinous fossa 
and supply the infraspinatus and shoulder joint. 


Suprascapular artery 





The suprascapular artery arises from the first branch 
of the subclavian artery. It enters the supraspinous 
fossa of the scapula above the scapular ligament, 
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Fig. 6.8 Diagrammatic sagittal section through the left shoulder. The subscapular bursa protrudes between the superior and middle 


glenohumeral ligaments. 
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Fig. 6.9 Anastomosing arteries around the scapula. The acromion has been removed to expose the suprascapular artery and nerve. 


and runs deep to, and supplies, the supraspinatus. 
It then passes through the spinoglenoid notch and 
supplies the infraspinatus. It anastomoses with the 
circumflex scapular artery and with branches of the 
transverse cervical artery. 
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Fig. 6.10 Diagram of the anterior aspect of the right shoulder 
joint, showing the fibrous capsule, coracoacromial arch, and the 
coracoclavicular ligaments. 


Coracoacromial ligament 


The coracoacromial ligament is a strong trian- 
gular band. Its base is attached to the lateral bor- 
der of the coracoid process, and its apex to the tip 
of the acromion. It lies between the subacromial 
bursa inferiorly and the deltoid muscle superiorly 
[Fig. 6.10]. 





Coracoclavicular ligament 


The powerful coracoclavicular ligament passes 
between the upper surface of the coracoid process 
and the clavicle. It has two parts. The posterome- 
dial part is the conoid ligament. It is shaped 
like an inverted cone and is attached above to the 
conoid tubercle of the clavicle [see Figs. 3.4, 
6.10]. The anterolateral triangular part is the 
trapezoid ligament. It passes superolaterally to 
the trapezoid line on the clavicle. The coracocla- 
vicular ligament is the main structure suspending 
the scapula and hence the upper limb from the 


clavicle. It supports the acromioclavicular joint 
and helps to transmit forces from the upper limb 
to the trunk. Ə If the clavicle is broken medial to 
this ligament, the upper limb sags—a sign charac- 
teristic of this fracture. 





Shoulder joint 


The disproportionately large head of the humerus, 
the small, shallow glenoid cavity, and the loose 
articular capsule gives the shoulder joint a wide 
range of movements but make the joint inherently 
unstable [see Fig. 6.12]. This instability is overcome 
by the powerful muscles which closely surround 
the joint [Figs. 6.4, 6.8]. These muscles support 
the joint in any position, without restricting move- 
ment which ligaments would do. However, there 
is an increased risk of displacement of the head 
of the humerus from the glenoid cavity (disloca- 
tion) when the joint is suddenly pulled upon. This 
displacement frequently occurs through the lower 
part of the joint capsule which is inadequately sup- 
ported by the long head of the triceps. This inferior 
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dislocation of the humeral head can result in dam- 
age to the adjacent axillary nerve. 


Articular capsule 


The outer fibrous membrane of the articular 
capsule is a thin, but relatively strong, tubular 
structure. It is attached to the margin of the gle- 
noid cavity and to the anatomical neck of the 
humerus, except inferiorly where it extends down- 
wards 1.5-2.0 cm on the surgical neck of the bone 
[Fig. 6.11]. With the arm by the side, this inferior 
part of the membrane hangs down in a redundant 
fold between the teres major and minor muscles. 
When the arm is abducted to a right angle, this 
fold is tensed. In the latter position, the lower part 
of the articular surface of the humeral head lies 
on this part of the articular capsule, with the long 
head of the triceps and the teres major muscles 
supporting it below. Anteriorly, the attachment 
of the fibrous membrane extends inferiorly (from 
the anatomical neck) between the tubercles of the 
humerus bridging over the upper part of the inter- 
tubercular sulcus. Deep to it is a synovial-lined tun- 
nel, through which the tendon of the long head of 


Subacromial bursa 


Acromion 


Clavicle 


Proximal epiphysis 
of humerus 


Glenoid labrum 


Glenoid fossa 


Dependent part 
of capsule 
Axillary nerve 


Subscapularis 


Teres major 


Fig. 6.11 Coronal section through the right shoulder joint. The synovial sheath of the biceps tendon have been partially left in place. 
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Fig. 6.12 Plain radiographs of the shoulder. (A) Arm is adducted at the shoulder. (B) Superoinferior (axial) view. 


the biceps muscle leaves the joint. This is one of 
three apertures in the fibrous membrane; the oth- 
er two are extensions of the synovial membrane 
through the fibrous membrane to form the sub- 
scapular and infraspinatus bursae. The subscapu- 
lar bursa is large and more constant. It lies close 
to the root of the coracoid process and occasionally 
allows dislocation of the head of the humerus at 
this point. 

There are four slight thickenings of the articu- 
lar capsule: (1) the coracohumeral ligament 
lies obliquely across the upper surface of the joint 
from the base of the coracoid process to the supe- 
rior surface of the greater tubercle of the humerus; 


and (2) two or three glenohumeral ligaments 
[see Fig. 6.13] may be visible as thickenings of the 
anterior part of the membrane, when viewed from 
the interior of the joint. 

The synovial membrane lines the fibrous cap- 
sule and covers the intracapsular part of the surgical 
neck of the humerus. The synovial membrane also 
forms a sheath around the tendon of the long head 
of the biceps and is continuous with the lining of 
the bursae which communicate with the joint. 

The nerve supply of the shoulder joint is by the 
axillary, suprascapular, and lateral pectoral nerves. 

Dissection 6.4 studies the intrascapular parts of 
the shoulder joint. 


DISSECTION 6.4 Shoulder joint 


Objective 


|. To study the intracapsular parts of the shoulder joint. 


Instructions 


1. Most of the surface of the thin capsule has 
already been exposed by the removal of the 
muscles which closely surround it. These mus- 
cles are partly fused to the fibrous membrane, so 
that they prevent it from passing between the joint 
surfaces when they contract. 


2. Make a vertical incision through the posterior 
part of the articular capsule of the shoulder joint. 
Rotate the arm medially, and dislocate the head of the 
humerus through the cut in the capsule. 


3. Identify the tendon of the long head of the biceps 
passing over the superior surface of the head of the 
humerus within the capsule to reach the supraglenoid 
tubercle [see Fig. 6.13]. Note that it becomes continu- 
ous here with a fibrocartilaginous ring, the glenoid 
labrum. Identify the glenoid labrum which is attached 


to the margin of the glenoid cavity and the internal sur- 
face of the articular capsule. By surrounding the glenoid 
cavity, the labrum deepens It. 


4. Try to expose the glenohumeral ligaments on the 
deep surface of the anterior part of the capsule, and 
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note the aperture of the subscapular bursa between 
them. If necessary, cut through the tendon of the long 
head of the biceps to increase the mobility of the 


humerus. 
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Fig. 6.13 Left shoulder joint. The articular capsule has been cut across and the humerus removed, together with the surrounding muscles. 


Articular cartilage and glenoid labrum, blue. 
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(Note that movements of the scapula described 
in Chapter 4 are different from movements of the 
shoulder joint. The two are associated but should 
not be confused.) 

The wide range of movements which is possible 
at the shoulder joint is the result of: (1) the nature 
of the articular surfaces (the large hemispherical 
head of the humerus fitted to the small, shallow 
glenoid cavity); (2) a loose-fitting articular capsule; 
and (3) the replacement of ligaments by a group of 
muscles. The glenoid cavity faces anterolaterally 
at rest, and its plane is parallel to the axis around 
which the scapula is rotated in movements of the 


shoulder girdle. Movement of the shoulder joint 
can take place independently but is usually accom- 
panied by movements of the shoulder girdle. Even 
when the scapula is not moved, the muscles would 
be in tension to maintain a stable scapula on which 
the limb may be moved. 


Flexion 


Flexion is carried out by muscles which pass an- 
terior to the shoulder joint (the short head of the 
biceps, the coracobrachialis, and the clavicular 
parts of the deltoid and pectoralis major), but the 
arm can be flexed to the horizontal position only 
if the inferior angle of the scapula is also pulled 
forwards on the chest wall (lateral rotation) by the 
serratus anterior, thus turning the glenoid cav- 
ity upwards. 
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Extension 


Two sets of muscles extend the shoulder. Extension 
of the shoulder from the anatomical position is re- 
stricted and produced by the posterior fibres of the 
deltoid, assisted initially by the latissimus dorsi. 
Further extension is completed by elevation of the 
scapula on the convex thoracic wall by the trape- 
zius and levator scapulae. Extension of the flexed 
shoulder joint back to the anatomical position 
against resistance is produced by the latissimus 
dorsi, the teres major, and the sternocostal part of 
the pectoralis major, assisted by the rhomboid ma- 
jor and pectoralis minor, both of which rotate the 
scapula medially. 


Abduction 


Abduction [Fig. 6.12A] is produced by the mid- 
dle fibres of the deltoid and by the supraspi- 
natus, both of which pass superior to the joint. 
The supraspinatus is responsible for initiating 
the movement. While the deltoid is contracting, 
simultaneous contraction of the teres minor and 
the lower fibres of the subscapularis prevent the 
humerus from being pulled up against the cora- 
coacromial arch [Fig. 6.13]. The deltoid can abduct 
the humerus on the scapula to the horizontal, 
but this movement is associated from the begin- 
ning with the lateral rotation of the scapula 
[Fig. 6.14A]. Lateral rotation of the scapula (pro- 
duced by the serratus anterior and trapezius) per- 
mits the humerus to be carried upwards to the 
vertical position, by turning the glenoid cavity to 
face superiorly. To confirm this, note the elevation 
of the shoulder and the lateral projection of the 
inferior angle of the scapula in full abduction in 
the living. 


Adduction 


Adduction against resistance of the arm abducted 
above the head is first produced by the latissimus 
dorsi and the lowest sternocostal fibres of the pec- 
toralis major, and is assisted by the teres major 
and the medial rotators of the scapula [Fig. 6.14B]. 
Once the horizontal position has been passed, pro- 
gressively higher fibres of the pectoralis major are 
involved. When this movement is not resisted, the 
muscles which are active in abduction act eccen- 
trically to control the pull of gravity on the limb. 
This situation is common to every movement 
where gravity is the driving force. It can be demon- 
strated in the shoulder by the continuing firmness 





Fig. 6.14 Diagrams to show the direction of pull of muscles 
producing (A) abduction and (B) adduction of the arm. 7 = axis of 
abduction of the humerus. 8 = axis of scapular rotation. (A) Abduc- 
tion of the arm. This action requires two separate movements: 

(i) lateral rotation of the scapula by the (1) upper and (2) lower 
fibres of the trapezius, and (3) lower fibres of the serratus anterior; 
(ii) abduction at the shoulder joint by (5) the deltoid, and (6) 

the supraspinatus. When the deltoid contracts, it tends to pull 

the humerus upwards against the acromion (9). This action is 
counteracted by the teres minor (4). (B) Adduction of the arm. This 
movement is normally produced by gravity (6). In this case, the 
arm is lowered to the side by the muscles which produce abduc- 
tion. When adduction is produced against resistance, two separate 
movements are involved: (i) medial rotation of the scapula by 

(1) levator scapulae, (2) rhomboid minor, and (3) rhomboid major; 
(ii) adduction of the humerus by (5) teres major, (4) latissimus 
dorsi, and pectoralis major (not shown). 


(contraction) of the deltoid as the arm is lowered 
to the side and its immediate flaccidity when the 
movement encounters resistance. 


Medial and lateral rotation of the 
humerus 


Medial and lateral rotation of the shoulder may oc- 
cur in any position but are best demonstrated with 
the arm by the side and the elbow flexed at right 
angle. The hand can then be swung laterally (later- 
al rotation of the humerus) or medially (medial ro- 
tation of the humerus). In this position, medial ro- 
tation is produced by muscles passing to the front 
of the humerus from the trunk (pectoralis major, 
latissimus dorsi, subscapularis, teres major, anterior 
fibres of the deltoid). Lateral rotation results from 
the contraction of muscles passing to the back of 
the humerus from the trunk (infraspinatus, teres 
minor, and posterior fibres of the deltoid). 


the muscles are grouped according to their action 
on the shoulder joint, and the nerve supply of each 
muscle is repeated. This allows an easy assessment 
of the degree of paralysis of a particular movement 
following destruction of a particular nerve. (The ta- 
bles show only the actions of a particular muscle 
when it actively shortens.) 

© Axillary nerve injury and the resultant paral- 
ysis of the deltoid and teres minor severely affect 
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The action of a muscle crossing the shoulder joint 
can be predicted not only from its origin and in- 
sertion, but also from its relation to the shoulder 
joint. These details, along with the nerve supply 
to the muscle, are shown in Table 6.1. In Table 6.2, 


Table 6.1 Muscles acting on the shoulder joint 


Muscle Insertion Action 


Relation to joint 


Nerve supply 





Pectoralis major Clavicle, medial Humerus, lateral lip Anterior Flexion and medial Medial and lateral 
two-thirds of intertubercular rotation pectoral nerves 
sulcus 
Sternum Humerus, lateral lip Anterior Adduction and Medial and lateral 
Costal cartilages 1-6 — of intertubercular medial rotation pectoral nerves 
sulcus 
Latissimus dorsi Lower ribs Humerus, Inferior Adduction, medial Thoracodorsal 
Thoracolumbar intertubercular rotation, extension nerve 
fascia sulcus if flexed 
Iliac crest 
Deltoid Clavicle, lateral Humerus, deltoid Anterior Flexion and medial Axillary nerve 
one-third tuberosity rotation 
Scapula, acromion, Humerus, deltoid Superior Abduction, Axillary nerve 
spine tuberosity Posterior extension, lateral 
rotation 
Biceps brachii short Scapula, coracoid Radius Anterior Flexion Musculocutaneous 
head process Stabilization nerve 
Biceps brachii, long Scapula, supraglenoid Radius Anterior Flexion Musculocutaneous 
head tubercle Stabilization nerve 
Coracobrachialis Scapula, coracoid Humerus, middle of Anterior Flexion Musculocutaneous 
process body medially nerve 
Teres major Scapula, lateral Humerus, medial lip Inferior Adduction, medial Lower subscapular 
margin inferior of intertubercular rotation nerve 
one-third sulcus 
Supraspinatus Scapula, Humerus, greater Superior Abduction, Suprascapular 
Supraspinous fossa tubercle superior stabilization nerve 
surface 
Infraspinatus Scapula, infraspinous Humerus, Posterior Lateral rotation, Suprascapular 
fossa greater tubercle stabilization nerve 
posterosuperior 
surface 
Teres minor Scapula, lateral Humerus, greater Posterior Lateral rotation, Axillary nerve 
margin superior tubercle posterior stabilization* 
two-thirds surface 
Subscapularis Scapula, subscapular Humerus, lesser Anterior Medial rotation, Upper and lower 
fossa tubercle stabilization* subscapular nerves 
Triceps, long head Scapula, infraglenoid Ulna, olecranon Inferior Stabilization Radial nerve 


tubercle 


process 


* These muscles stabilize the shoulder joint in abduction and prevent the head of the humerus from rising in the glenoid and hitting on the acromion when the deltoid 


contracts. 
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Table 6.2 Movements at the shoulder joint 


Movement Muscles Nerve supply 
Flexion Pectoralis major, clavicular part Pectoral nerves 
“Deltoid,clavicular part = Axillay 
Biceps, shorthead Musculocutaneous 
‘Coracobrachialis Musculocutaneous 
‘Extension Deltoid, posterior part ——  —— Axilay 
-Latissimus dorsi (if shoulder flexed) Thoracodorsal = 
Teres major (if shoulder flexed) Subscapular 
‘Abduction = Deltoid, acromial part = ss Axillay 
5 ‘Supraspinatus SC Suprascapular 
E ‘adduction Peciorals major stemocostalpart Pectoral 
5 Latissimus dorsi Thoracodorsal 
2 i smr  Ssapar 
Lateral rotation of humerus Deltoid, posterior part Axillary 
82 ‘Infraspinatus Suprascapular 
Teres minor o Akllay 
Medial rotation of humerus Pectoralismajor Pectoral 
Latissimusdorss Thoracodorsal 
‘Deltoid,clavicularpart ==——S—«ésAilary 
Teres major  ss—s—S Subscapular 
‘Subscapularis CS Subscapular 
‘Stabilization® = Subscapularis Subscapular 
‘Supraspinatus CS Suprascapular 
‘Infraspinatus Suprascapular 
Teres minor = i isti(isi‘~s~*~s~*sAi#lary— 
Triceps longhead Radial 
‘Biceps, longhead Musculocutaneous 


The actions of muscles shown in Table 6.2 presuppose a fixed scapula. 


* All the muscles of stabilization are attached close to the shoulder joint, have a poor mechanical advantage over it, and are 
more effective in holding the joint surfaces together than in moving it. 


shoulder abduction, extension, and lateral rota- See Clinical Applications 6.1 and 6.2 for the 
tion. In such an injury, the arm is held in a position practical implications of the anatomy in this 
of adduction, medial rotation, and flexion. chapter. 


CLINICAL APPLICATION 6.1 Anastomosis around the scapula 


Arteries supplying the muscles on the dorsal surface of The anastomosis forms an alternate route through which 
the scapula come from two distinct sources. The dorsal blood from the first part of the subclavian artery can 
scapular artery and the suprascapular artery are branches — reach the third part of the axillary artery when the main 
of the thyrocervical trunk of the subclavian artery. The stem is blocked between these two points. Note that 
posterior humeral circumflex artery and the circumflex — slow occlusion will allow time for collateral circulation to 
scapular arteries are branches of the axillary artery. The be established. Sudden occlusion is more dangerous, as 
anastomosis around the scapula [Fig. 6.9] ensures that the collateral circulation may not be ready to take over 
the mobile scapula is not dependent on only one source. _ the increased supply. 


CLINICAL APPLICATION 6.2 Rotator cuff injury 


A young swimmer came to the doctor with a history of 
sudden pain in the right shoulder, and inability to sleep 
on the injured side. After examining the patient, a diag- 
nosis of rotator cuff injury was made. 

Study question 1: what are the muscles which form the 
‘rotator cuff’? (Answer: supraspinatus, infraspinatus, teres 
major, teres minor.) 

Study question 2: apart from the movement these 
muscles bring about at the shoulder, what is the other 


important function they perform? (Answer: they act as 
expansile ligaments of the shoulder joint and steady it.) 
The doctor suspects injury to the supraspinatus. 

Study question 3: where is the supraspinatus inserted? 
What is its action? Under which bony projection does 
the tendon pass? (Answer: it is inserted into the upper 
facet on the greater tubercle and produces abduction of 
shoulder. The tendon passes under the acromion process 
of the scapula.) 
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CHAPTER 7 
The arm 


The deep fascia enclosing the arm sends septa be- 
tween the groups of muscles to allow them to slide 
on each other and to give an increased area for 
origin. Two of these septa—the lateral and medial 
intermuscular septa—pass to the correspond- 
ing supracondylar lines and epicondyles of the 
humerus, thus dividing the distal part of the arm 
into anterior and posterior compartments [Fig. 7.1]. 





Anterior compartment 


See Dissection 7.1 for an exploration of the anato- 
my of the front of the arm. 
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Biceps brachii and coracobrachialis 


The biceps brachii muscle arises from the scapula 
by two heads—the long and short head. The short 85 
head arises with the coracobrachialis from the 
coracoid process. The long head of the biceps 
arises from the supraglenoid tubercle within the 
shoulder joint. Its tendon runs on the superior 
surface to the head of the humerus and emerges 
from the joint through the intertubercular groove. 
The two heads of the biceps fuse in the distal third 
of the arm and form a short tendon which passes 
to the posterior surface of the tuberosity of the 
radius [see Fig. 7.4]. The biceps tendon also gives off 
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Fig. 7.1 Section through the middle of the right arm showing positions of neurovascular bundles and intermuscular septa. A = anterior; 


P = posterior; M = medial; L = lateral. 
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DISSECTION 7.1 Front of the arm 


Objectives 


|. To study the muscles of the front of the arm. _ II. To iden- 
tify and trace the musculocutaneous, median, and ulnar 
nerves in the front of the arm. Ill. To identify the mus- 
cles arising from the lateral supracondylar ridge, the radial 
nerve, and the profunda brachii artery on the lateral side 
of the elbow. 


Instructions 


1. Cutvertically through the deep fascia on the anterior 
surface of the arm, as far as the elbow. Cut trans- 
versely through it at the elbow. Reflect the flaps to 
uncover the biceps brachii. 


2. Lift the biceps brachil, and find the musculocuta- 
neous nerve. Separate the biceps brachii from the 
brachialis muscle posteriorly. Follow the nerve, and 
the biceps and coracobrachialis muscles proximally 
and distally. Neither the tendon of origin of the long 
head of the biceps nor its tendon of insertion can be 
followed to the end. 


3. Remove the fascia from the brachialis, and define 
the forearm muscles—the brachioradialis and the 









Biceps My fi. a ; 


a 
Brachial A. ; 


Median N. 


Medial cutaneous 
N. of forearm 


Basilic V. 


Medial 
intermuscular septum 


A Ulnar N. 


extensor carpi radialis longus. They arise from the 
lateral supracondylar line and the lateral intermus- 
cular septum, and appear to be part of the brachialis 
but are separated from it by a thin septum which 
contains the radial nerve and a terminal branch of 
the profunda brachii artery [Figs. 7.1, 7.2]. 


Find the radial nerve in this situation and its branches 
to the brachioradialis, extensor carpi radialis longus, 
and brachialis [Fig. 7.3]. 


. Trace the radial nerve proximally to the point where 


it passes posterior to the humerus. Identify the lower 
lateral cutaneous nerve of the arm and the posterior 
cutaneous nerve of the forearm that arise from the 
radial nerve. 


Find the principal neurovascular bundle of the arm 
immediately deep to the deep fascia, medial to the 
biceps. This bundle includes the median nerve, the 
ulnar nerve, and the brachial artery and veins. 
Trace these structures proximally into continuity 
with the structures in the axilla, and distally to the 
level of the elbow. 
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Fig. 7.2 Section through the distal third of the right arm. A = anterior; P = posterior; M = medial; L = lateral. 
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Fig. 7.3 Dissection of the left cubital fossa. The bicipital aponeurosis has been cut. 


the bicipital aponeurosis. The bicipital aponeu- 
rosis forms a secondary insertion of the biceps to 
the posterior border of the ulna. The coracobra- 
chialis, which originates from the coracoid process 
with the short head, is inserted into the middle of 
the medial surface of the humerus. Nerve supply: 
musculocutaneous nerve. Actions: see Action of 
muscles of the front of the arm below. 


Brachialis 





Fig. 7.4 Diagram of the biceps brachii showing the two heads of 
origin and the insertions. 


Brachialis 


This muscle arises from the anterior surface of the 
distal half of the humerus [see Fig. 6.2]. It descends 
across the anterior surface of the elbow joint to 
be inserted into the coronoid process of the ulna. 
Nerve supply: musculocutaneous nerve, some fi- 
bres from the radial nerve. Actions: see Action of 
muscles of the front of the arm below. 


Action of muscles of the front 
of the arm 


The short head of the biceps and coracobra- 
Chialis are flexors of the shoulder joint. The long 
head of the biceps helps to hold the head of the 
humerus against the glenoid cavity, especially 
when the arm is abducted. The brachialis is a 
pure flexor of the elbow joint, while the biceps 
is also a supinator of the forearm because of its 
attachment to the posterior surface of the radial 
tuberosity. 


Anterior compartment 


3 
~ 


The arm 


The musculocutaneous nerve is the motor supply 
to all of these muscles. Thus, damage to this nerve 
interferes with flexion at the shoulder and elbow 
joints, especially the elbow joint, and weakens su- 
pination. 


Musculocutaneous nerve (C. 5, 6) 


This nerve arises in the axilla from the lateral cord 
of the brachial plexus. It passes inferolaterally to 
supply, and then pierce, the coracobrachialis. It 
then descends between the biceps and brachialis, 
supplying both muscles, and emerges at the lateral 
border of the biceps [see Fig. 5.10] as the lateral cu- 
taneous nerve of the forearm. 


Principal neurovascular bundle 
of the arm 


Superior to the insertion of the coracobrachialis, 
this bundle consists of the brachial artery, the basilic 
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and brachial veins, the median, ulnar, and radial 
nerves, and the medial cutaneous nerve of the fore- 
arm. The radial nerve is the first to leave the bun- 
dle. It passes inferolaterally to the groove for the ra- 
dial nerve on the posterior surface of the humerus. In 
the groove, the nerve is accompanied by the 
profunda brachii artery [Fig. 7.5]. Slight trac- 
tion on that nerve will confirm its continuity 
with the nerve already exposed on the lateral side 
of the arm. The ulnar nerve is the next to leave 
the bundle. It passes back through the medial inter- 
muscular septum into the posterior compartment 
[Fig. 7.6]. Below this level, the basilic vein and 
the medial cutaneous nerve of the forearm 
pierce the deep fascia and enter the superficial fas- 
cia. The bundle then contains the median nerve, 
and the brachial artery and veins in the lower 
third of the arm. These structures incline forwards, 
in front of the brachialis, to lie just medial to the 
tendon of the biceps at the elbow [Fig. 7.3]. 
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Fig. 7.5 Dissection of the back of the shoulder and arm. The lateral head of the triceps has been divided and turned aside to expose the 


radial nerve. 
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Fig. 7.6 Diagram to show the relation of the radial and ulnar nerves, and the profunda brachii and ulnar collateral arteries to the hu- 


merus. Posterior surface = left; anterior surface = right. 


Median nerve (C. 5, 6, 7, 8; T. 1) 


This nerve is formed in the axilla by one root each 
from the medial and lateral cords of the brachial 
plexus. It descends anterior to the axillary and up- 
per part of the brachial arteries to the medial aspect 
of the brachial artery in the distal half of the arm. 
The median nerve does not supply any muscle in the 
arm but supplies the sympathetic post-ganglionic 
fibres to the axillary and brachial arteries. It sup- 
plies most of the flexor muscles in the anterior 
aspect of the forearm. In the hand, it supplies the 
thenar muscles and two lumbricals. It also supplies 
the skin in the hand and fingers. 


Ulnar nerve (C. 8; T. 1) 


This nerve is concerned principally with the supply 
of the small muscles of the hand, some muscles of 
the forearm, and the skin in the hand and fingers. 
It does not supply any structures in the axilla or the 
arm. It arises from the medial cord of the brachial 
plexus in the axilla and descends posteromedially 
to the distal part of the axillary artery and the 


proximal part of the brachial artery. In the mid- 
dle of the arm, it pierces the medial intermuscular 
septum and runs distally in the posterior compart- 
ment of the arm. It enters the forearm by passing 
over the posterior surface of the medial epicondyle 
[Fig. 7.6]. 


Brachial artery 


The brachial artery is the continuation of the 
axillary artery. It supplies the structures of the arm 
by branches which accompany the major nerves 
and by smaller branches which pass directly to the 
muscles. The profunda brachii artery arises 
from the brachial artery and accompanies the radi- 
al nerve. It gives a descending branch on each side 
of the lateral intermuscular septum [Figs. 7.6, 7.7]. 

The superior ulnar collateral branch of 
the brachial artery accompanies the ulnar 
nerve. The inferior ulnar collateral branch 
arises 5 cm above the elbow and sends descending 
branches on each side of the medial intermuscu- 
lar septum. These vessels supply adjacent muscles 
and take part in the anastomosis around the elbow 
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Fig. 7.7 Diagram showing the brachial artery and the anastomo- 
sis around the elbow joint. 


joint. The nutrient artery to the humerus 
arises from the brachial artery near the middle of 
the humerus. 


Cubital fossa 


The cubital fossa is the triangular intermuscu- 
lar depression at the front of the elbow [Fig. 7.3]. 
The base of the fossa is an imaginary line drawn 
between the two epicondyles of the humerus. The 
medial border is the pronator teres muscle. The 
lateral border is the brachioradialis muscle, up to 
a point where it overlaps the pronator teres. The 
floor is formed by the brachialis and supinator. 
The median nerve, brachial artery, and tendon 
of the biceps enter the fossa and are important 
contents. In the cubital fossa, the brachial artery 
divides into the radial and ulnar arteries. The radial 


artery leaves the fossa at the apex; the ulnar artery 
leaves by passing deep to the pronator teres. The 
median nerve supplies muscles medial to it and 
leaves the fossa through the pronator teres. The 
tendon of the biceps passes between the forearm 
bones to reach the radial tuberosity. If the elbow is 
flexed and the margins pulled apart, the contents 
of the fossa are seen after the deep fascia covering 
it has been removed. (The cubital fossa will be dis- 
sected with the front of the forearm.) 





Posterior compartment 


Dissection 7.2 explores the anatomy of the back 
of the arm. 


Triceps brachii 


The long head of the triceps brachii takes origin 
from the infraglenoid tubercle of the scapula. The 
lateral head arises from the upper third of the 
posterior surface of the humerus [see Fig. 6.1]. 
These two heads descend posterior to the groove 
for the radial nerve and are joined on their deep 
surfaces by the medial head of the triceps. The 
medial head arises from the posterior surface of 
the humerus, distal to the groove for the radial 
nerve. The three heads form a common tendon 
which is inserted into the superior surface of the 
olecranon [see Fig. 8.6] and the surrounding deep 
fascia. Some of the deep fibres pass to the articular 
capsule of the elbow joint. These fibres pull up the 
redundant part of the capsule to avoid it being 
caught between the olecranon and the humerus 
in extension of the joint. Nerve supply: radial 
nerve. Actions: all three heads of the triceps are 
extensors of the elbow joint. The long head also 
acts on the shoulder joint. It is mainly responsible 
for steadying the humerus in the glenoid cavity, 
especially when it is stretched across the inferior 
surface of the joint in abduction of the arm. In ab- 
duction of the arm, the long heads of the triceps 
and biceps lie like supporting cables inferior and 
superior to the joint, and the long head of the tri- 
ceps is the main support inferiorly. (For the surface 
anatomy of the muscles of the arm, see Fig. 7.8.) 


Radial nerve 


This nerve arises as a branch of the posterior cord 
of the brachial plexus in the axilla. In the axilla, 
it gives off the nerve to the long head of the 


DISSECTION 7.2 Back of the arm 


Objectives 


Elo siticy tne muscles Ch ine back ct thea. IF le 
identify and trace the profunda brachii artery, and the 
radial nerve and its branches. Ill. To follow the ulnar 
nerve to the back of the medial epicondyle. 


Instructions 


1. Remove the deep fascia from the back of the arm to 
expose the triceps muscle which fills the posterior 
compartment. 


2. Superiorly, separate the medially placed long head of 
the triceps, which arises from the infraglenoid tub- 
ercle of the scapula [see Fig. 4.6], from the lateral 
head, which has a linear origin from the posterior 
surface of the humerus between the insertions of the 
teres minor and the deltoid [see Fig. 6.1]. 


3. Find the radial nerve in the axilla, posterior to the 
axillary artery. Trace the nerve as far as the triceps, 
and separate the parts of the triceps by passing a 
blunt seeker along the nerve in that muscle. Divide 
and reflect the parts of the lateral head of the triceps 


Biceps brachii 





Fig. 7.8 Muscles of the arm. (A) Anterior view. (B) Posterior view. 
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where it covers the radial nerve to expose the radial 
nerve and the profunda brachii artery in the groove 
on the back of the humerus. The medial head of the 
triceps takes origin from the humerus, inferior to 
the groove |Fig. 7.5]. 


Follow the branches of the radial nerve, and check 
its continuity with the part of the radial nerve already 
seen between the brachialis and the brachioradialis. 
Follow this part of the nerve distally. Check its branch- 
es to the brachioradialis, extensor carpi radialis longus, 
and brachialis. Identify its division into superficial and 
deep branches at the level of the elbow joint [Fig. 7.3]. 


Follow the ulnar nerve into the posterior compart- 
ment of the arm with the superior ulnar collateral ar- 
tery and the branch of the radial nerve to the medial 
head of the triceps. Trace the ulnar nerve to the back 
of the medial epicondyle. 


Remove the connective tissue from the posterior 
surface of the medial intermuscular septum, and find 
the posterior branch of the inferior ulnar collateral 
artery [Figs. 7.5, 7.6]. 
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triceps and then passes into the arm, posterior to 
the brachial artery. Almost immediately, it gives 
off the posterior cutaneous nerve of the arm 
and a branch to the medial head of the triceps 
(which accompanies the ulnar nerve in the poster- 
ior compartment). It then passes inferolaterally 
into the groove for the radial nerve on the posteri- 
or surface of the humerus [see Fig. 5.1B], and winds 
around this surface of the humerus with the pro- 
funda brachii artery. In the groove, the nerve gives 
off branches to the lateral head of the triceps and 
a long slender branch which descends through the 
medial head of the triceps of the anconeus muscle 
[Fig. 7.5]. Two cutaneous branches—the lower lat- 
eral of the arm and the posterior of the forearm— 
are also given off here. 


At the lower end of the arm, the nerve pierces the 
lateral intermuscular septum and descends in the 
anterior compartment between the brachialis 
(medially) and the brachioradialis and the extensor 
carpi radialis longus (laterally). It divides into super- 
ficial and deep branches. The superficial branch 
is a sensory nerve to the back of the fingers and 
hand [see Fig. 5.8]. The deep branch supplies the 
muscles of the back of the forearm and the joints at 
the wrist. The radial nerve is sensory to the elbow 
joint, principally through its branches to the anco- 
neus and the medial head of the triceps, and to the 
superior and inferior radio-ulnar joints. 

See Clinical Applications 7.1 and 7.2 which 
demonstrate the practical implications of the ana- 
tomy explored in this chapter. 


CLINICAL APPLICATION 7.1 Fracture of the shaft of the humerus 


Mid-shaft fractures of the humerus are common and 
may damage the radial nerve, as it traverses the groove 
on the back of the humerus. A knowledge of the mus- 
cular and sensory branches given off by the radial nerve, 
along with the point of origin of these branches, will help 
you predict what lesions arise from such a fracture. 
Study question 1: name the muscles denervated by such 
an injury. (Answer: triceps, lateral head; anconeus; brachio- 
radialis; extensor carpi radialis longus and brevis. The me- 
dial and long heads are supplied before the nerve enters 
the groove.) Extensor muscles of the forearm and wrist are 
also paralysed. You will learn about these in Chapter 8. 
Study question 2: name the movements likely to be 
lost or weakened because of this injury. (Answer: loss of 


extension of the wrist, hand, and fingers; weakness of su- 
pination.) 

Study question 3: what sensory nerves will be affected? 
(Answer: lower lateral cutaneous nerve of the arm, pos- 
terior cutaneous nerve of the forearm, superficial branch 
of the radial nerve.) 

Study question 4: what sensory loss will result from this 
nerve injury? (Answer: loss of sensation over the lateral 
part of the lower arm, the posterior forearm, the lateral 
part of the dorsum of the hand, and the dorsal aspect of 
the lateral three and a half digits, excluding their nail beds.) 

Study question 5: name the artery which could be 
damaged in a fracture of the mid shaft of the humerus. 
(Answer: profunda brachii artery.) 


CLINICAL APPLICATION 7.2 Measurement of blood pressure 


Blood pressure is the force exerted by circulating blood 
upon the walls of blood vessels. It is one of the vital signs 
of physical well-being. It is measured using a sphyg- 
momanometer, an inflatable rubber cuff connected to 
a manometer. The cuff is tied around the arm, and the 
pressure in the cuff inflated till the blood flow through 
the brachial artery is cut off. The cuff is then deflated 
slowly, allowing blood flow to resume. A stethoscope 
placed over the brachial artery at the cubital fossa moni- 
tors the start of blood flow in the artery. When the pres- 
sure exerted by the cuff is above the systolic pressure, no 


sounds are audible, as there is no blood flow. As the cuff 
pressure falls below the systolic, the sound of spurts of 
blood flowing past the cuff is heard. When the culf pres- 
sure falls below the diastolic, the blood flow through the 
brachial artery becomes streamlined (not turbulent any 
more), and no sound is audible through the stethoscope. 
The physician measuring the blood pressure makes a 
note of two pressure readings: (1) when the blood flow 
first becomes audible with a drop in cuff pressure; and 
(2) when the blood flow is no longer audible. These two 
readings give the patient's systolic and diastolic pressures. 


CHAPTER 8 


The forearm and hand 


Introduction 





Bones and surface anatomy of the 
forearm and hand 


Begin by revising the palpable parts of the radius 
and ulna in your own forearm, and compare these 
with the bones themselves. Articulate a radius and 
an ulna parallel to one another, with the head of 
the radius lying in the radial notch of the ulna and 
the head of the ulna in the ulnar notch of the ra- 
dius [see Figs. 5.2, 5.3]. Note the following points. 


1. The ulna extends further proximally than the ra- 
dius. This extension of the ulna is formed by the 
trochlear notch and the olecranon. 

2. The radius projects further distally than the ulna. 
The distal end of the radius has markings for the 
lateral two carpal bones of the proximal row—the 
scaphoid and lunate. This is the only articula- 
tion between a forearm bone and the carpal bones. 
Because of this: (a) the bones (and hence the hand) 
move with the radius in movements of pronation 
and supination; and (b) forces applied to the hand 
are transmitted to the radius through these two car- 
pal bones, which are therefore vulnerable to injury. 

3. The radius is markedly convex laterally. The radi- 
us and ulna are held together by an interosseous 
membrane attached to the sharp interosseous 
borders on their adjacent surfaces. 

4. The anterior surface of the radius is crossed 
obliquely in its proximal half by its anterior bor- 
der. The distal end of this surface curves forwards 
to form a flat surface against which the pulsations 
of the radial artery may be felt (radial pulse). 

5. Rotate the head of the radius medially in the radial 
notch of the stationary ulna. When this is done, 
the distal end of the radius turns around the head 


of the ulna and comes to lie medial to the distal 
end of the ulna. In this position, the posterior sur- 
face of the radius is directed anteriorly, and the 
shaft of the radius crosses the ulna. This move- 
ment is pronation, and the reverse movement is 
supination. These are the movements at the ra- 
dio-ulnar joints. Note the following points about 
pronation and supination: (a) the axis for prona- 
tion and supination passes through the centre of 
the head of the radius proximally and the centre of 
the head of the ulna distally; (b) any muscle that 
can rotate the radius medially, e.g. pronator teres, 
produces pronation, while muscles that rotate it 
laterally, e.g. biceps brachii, produce supination; 
(c) in pronation and supination, only the radius 
moves (there is no rotation of the forearm on the 
arm); (d) the hand is carried with the radius, and 
the palm faces posteriorly in pronation (elbow ex- 
tended); (e) if medial rotation of the humerus is 
combined with pronation, the palm is brought to 
face posterolaterally; and (f) testing of the range of 
pronation is carried out with the elbow flexed. 

6. Identify the subcutaneous posterior border 
of the ulna. The flexor muscles are attached to 
the bones anterior and medial to this and are sup- 
plied by the median and ulnar nerves. The exten- 
sor muscles are attached lateral to this border and 
are supplied by the radial nerve [Fig. 8.1]. These 
two muscle groups abut on each other anteriorly 
along a line from the lateral side of the tendon of 
the biceps to the styloid process of the radius. 


Superficial structures of the forearm are described 
in Chapter 5. 


Muscles of the forearm 


The arrangement of these muscles is complex. In 
general, both the flexor and extensor groups are 
arranged in two layers—superficial and deep. In 


93 


The forearm and hand 


9 
Ja 


Extensor 
compartment 
of arm 





Flexor compartment of arm 


Fig. 8.1 Muscles on the back of the forearm. The subcutaneous 
posterior border of the ulna (dotted line) separates the flexor 
muscles medially from the extensor muscles laterally. 
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addition, muscles are grouped together, based on 
the attachments and actions: (1) muscles that arise 
from the humerus and pass to the hand (these act 
on the elbow, the wrist, and, in some instances, the 
joints of the digits); (2) muscles which arise from 


DISSECTION 8.1 


Objectives 


|. To study the superficial muscles of the front of the fore- 
arm. Il. To identify and trace the brachial, radial, and 
ulnar arteries, and the median and ulnar nerves. III. To 


study the palmaris brevis and palmar aponeurosis. 


Instructions 


1. Divide the deep fascia of the forearm vertically from 
the cubital fossa to the proximal margin of the flexor 
retinaculum. Make a transverse incision just proxi- 
mal to the retinaculum. Reflect the flaps of the fascia, 
but avoid cutting the structures deep to it. 


2. The muscles uncovered consist of the flexor group 
medially and the extensor group laterally. Separate 
the most superficial muscle—the brachioradialis 
[Fig. 8.2|—on the lateral side of the front of the fore- 
arm. Follow it to its insertion on the lateral surface of 
the distal end of the radius. 


3. Push aside the tendons of the abductor pollicis 
longus and extensor pollicis brevis which overlie the 
insertion of the brachioradialis, as they pass to the 
base of the thumb [see Fig. 8.21]. Avoid injury to 
the superficial branch of the radial nerve which 
crosses their superficial surface. 


the forearm bones and pass to the hand (acting on 
the wrist and digital joints—but not on the elbow); 
(3) muscles which arise from both the humerus and 
the forearm bones and pass to the hand (acting on 
the elbow, the wrist, and digital joints); (4) muscles 
which pass from the humerus to the forearm bones 
(acting on the elbow and the proximal radio-ulnar 
joint); and (S) muscles which pass between the two 
forearm bones (acting on radio-ulnar joints). 


Front of the forearm and hand 





Dissection 8.1 looks at the anatomy of the front of 
the forearm. 


Palmar aponeurosis 


This thick, triangular deep fascia lies in the central 
part of the palm, with its apex at the flexor retinacu- 
lum and its base at the level of the heads of the met- 
acarpals. It stabilizes the palmar skin which is firmly 


Front of the forearm 


4. Pull the brachioradialis laterally. This exposes the ex- 
tensor carpi radialis longus and separates the exten- 
sor and flexor groups of muscles. 


5. In the groove between the flexors and exten- 
sors, identify the radial artery and the superficial 
branch of the radial nerve. Follow them distally 
and proximally [Fig. 8.3]. In this way, find the origin 
of the artery from the brachial artery in the cubital 
fossa (occasionally high in the arm) and the branch 
from the deep branch of the radial nerve which 
supplies the extensor carpi radialis brevis—a muscle 
deep to the extensor carpi radialis longus. 


6. Deep to the extensor carpi radialis brevis is the supi- 
nator muscle. 


7. Separate the superficial group of flexor muscles. 
These arise from the distal part of the medial su- 
pracondylar line and the medial epicondyle of the 
humerus. Most also have a minor attachment to 
the coronoid process of the ulna [see Figs. 6.2, 8.4]. 
These superficial muscles spread out from the me- 
dial epicondyle as a narrow fan with a vertical medial 
edge—the flexor carpi ulnaris [Fig. 8.2]. 


8. The most lateral muscle—the pronator teres—arises 
furthest superiorly and passes obliquely across the 
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proximal half of the forearm to the point of maxi- 
mum convexity of the radius [Fig. 8.4]. It passes deep 
to the radial artery, the superficial branch of the ra- 
dial nerve, and the extensor muscles overlying the 
anterolateral surface of the radius [Fig. 8.2]. 


Medial to the pronator teres is the flexor carpi ra- 
dialis (the radial flexor of the wrist), which also takes 
an oblique course across the forearm. Its tendon 
disappears deep to the lateral part of the flexor reti- 
naculum, medial to the radial artery. Identify this 
tendon in your own wrist, and feel the pulsation of 
the radial artery (radial pulse) lateral to it on the 
distal margin of the radius. 


Medial to the flexor carpi radialis is the palmaris lon- 
gus (if present). Follow its tendon superficial to the 
flexor retinaculum to join the palmar aponeurosis. 


Beneath the tendon of the palmaris longus and be- 
tween it and the flexor carpi radialis, the median 
nerve becomes superficial, just proximal to the flexor 
retinaculum [Fig. 8.2]. 


The flexor carpi ulnaris is immediately medial to 
the palmaris longus in the proximal third of the fore- 
arm. Further distally, the two muscles separate, and 
the flexor digitorum superficialis appears between 
them [Fig. 8.2]. Follow the tendon of the ulnaris to its 
insertion on the pisiform bone. 


Find the ulnar artery and nerve which become 
superficial between the tendons of the flexor carpi 
ulnaris and those of the flexor digitorum superficia- 
lis, just proximal to the flexor retinaculum. Here the 
artery and nerve pierce the deep fascia and enter 
the hand, superficial to the retinaculum, immediate- 
ly lateral to the insertion of the flexor carpi ulnaris. 
They then pass deep to the palmaris brevis and di- 
vide into their terminal branches [Figs. 8.2, 8.5]. 


The palmaris brevis is a thin cutaneous muscle 
which arises from the palmar aponeurosis and flexor 
retinaculum. It passes transversely across the proximal 
2-3 cm of the hypothenar eminence and is inserted 
into the skin on the medial side [Fig. 8.5]. It is supplied 
by the ulnar nerve. When it contracts, it bunches 
up the skin over the eminence, thus deepening the 
concavity of the palm and producing a cushion of skin 
against which the handle of a tool can be held steadily. 


Expose the superficial surface of the flexor carpi 
ulnaris. Note its origin from the medial epicondyle, 
the olecranon, and the proximal two-thirds of the 
posterior (subcutaneous) border of the ulna [Fig. 8.6]. 
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Follow the ulnar nerve from the arm, posterior to 
the medial epicondyle, then between the humeral 
and ulnar attachments of the flexor carpi ulnaris on 
its deep surface [see Figs. 7.6, 8.7]. Pull the flexor car- 
pi ulnaris medially, and expose the ulnar nerve on its 
deep surface lying on the flexor digitorum profun- 
dus which covers the ulna. Trace the nerve and the 
ulnar artery into continuity with the parts exposed 
at the wrist. Note the branches of the nerve to the 
flexor carpi ulnaris and flexor digitorum profundus, 
the dorsal branch arising near the middle of the 
forearm, and the small palmar branch [see Fig. 5.9] 
which arises in the distal half of the forearm. Trace 
the dorsal branch to the medial side of the forearm. 


Cut through the middle of the flexor carpi radialis, 
palmaris longus, and pronator teres muscles, and re- 
flect their parts. Identify the branches of the median 
nerve entering them proximally [Fig. 8.3]. 


The flexor digitorum superficialis is now exposed. 
Identify the radial head of this muscle attached to the 
anterior border of the radius, deep to the distal part 
of the pronator teres [Figs. 8.3, 8.4]. 


Follow the median nerve from the cubital fossa 
between the radial and humero-ulnar heads of the 
flexor digitorum superficialis. Lift the medial edge of 
the muscle, and find the nerve on its deep surface. 
Note its branches to the muscle. A short distance 
proximal to the wrist, the nerve becomes superficial 
between the tendons of the flexor carpi radialis and 
the palmaris longus. It gives off the palmar branch of 
the median nerve which enters the palm, superficial 
to the flexor retinaculum. The median nerve enters 
the hand, deep to the flexor retinaculum [Fig. 8.5]. 
© Identify this position in your own wrist, and note 
how easily the nerve could be injured by a relatively 
superficial cut at this point. 


Turn the tendon of the palmaris longus distally. Note 
its attachment to the flexor retinaculum and its con- 
tinuity with the apex of the palmar aponeurosis. 


Complete the exposure of the superficial surface of 
the palmar aponeurosis and the slips which pass 
from its distal margin to each of the fingers. Note 
that the edges of each slip turn posteriorly into the 
palm, leaving spaces between the slips through 
which the digital vessels and nerves (and lumbri- 
cal muscles) escape from beneath the palmar 
aponeurosis into the fingers [Fig. 8.5]. Each slip of 
the aponeurosis is attached: (a) to the phalanges by 
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fusing with the fibrous flexor sheath (the fibrous tun- separate the edges of the aponeurosis from the thin- 


nel in which the tendons of the long flexors lie); and ner deep fascia covering the thenar and hypothenar 
(b) with the deep transverse metacarpal ligament muscles and divide the septum which passes back- 
(described later) [Fig. 8.5]. Confirm this arrangement wards from each edge. The septa fuse with the fascia 
by pushing a blunt instrument proximally between anterior to the interosseous muscles and the adduc- 
any two fingers—it passes readily into the palm, deep tor pollicis [Fig. 8.8]. Avoid injury to the vessels and 
to the aponeurosis, without having to pierce it. nerves immediately deep to the aponeurosis. 


22. Separate the palmaris longus tendon and the 23. Remove the fat from the interdigital region, and ex- 
aponeurosis from the surface of the flexor retinacu- pose the digital nerves and vessels, with a lumbri- 
lum. Turn the aponeurosis distally. You will need to cal muscle posterior to them |Fig. 8.5]. 
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Fig. 8.2 Dissection of superficial muscles, arteries, and nerves of the front of the forearm. Part of the radial artery was removed to show 
the muscles deep to it. 
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Fig. 8.3 Deep dissection of muscles and nerves of the front of the forearm. The division of the brachial artery is slightly lower than usual. 


adherent to it. Medially and laterally, the aponeuro- 
sis is continuous posteriorly with the layer of fascia 
which covers the anterior surfaces of the metacarpals, 
the interosseous muscles between them, and the ad- 
ductor pollicis [Fig. 8.8]. Together, these fascial lay- 
ers surround: (1) the central palmar space; (2) vessels 
and nerves; (3) long flexor tendons to the fingers; 
and (4) the lumbrical muscles which arise from 
the tendons. Distally, at the level of the heads of 
the metacarpals, the palmar aponeurosis gives off 


digital slips to each of the four fingers [Fig. 8.5]. At this 
point, sheets of fascia pass from the aponeurosis to 
the metacarpal fascia. Thus, each digital slip forms 
a tunnel around the flexor tendons. Nerves, vessels, 
and lumbrical muscles enter the superficial tissues 
between these slips. The loose tissue, in which 
vessels and nerves lie, forms a route for infection to 
spread from the superficial tissues of the fingers to 
the central palmar region, from where it can extend 
behind the flexor retinaculum into the forearm. 


Front of the forearm and hand 


9 
~ 


The forearm and hand 


wo 
oo 



















Brachialis Flexor digitorum 


superficialis 
Pronator teres 


Supinator Flexor pollicis longus 


Biceps Supinator 


Flexor digitorum 
superficialis 
Flexor digitorum 


Pronator teres profundus 


Flexor pollicis longus 


Pronator quadratus 
Pronator quadratus 


Brachioradialis 


1st lumbrical 


Superficial 
transverse lig. 


Ath lumbrical 


at 
ATY mia 
CTT 7 ' 





Palmar aponeurosis 


Flexor digiti minimi 


ie 
ean 


Flexor N 


ollicis brevis SONS die l E EE 

P N AON) | jf a i Abductor digiti minimi 
Abductor “aus A 

pollicis brevis” (WS aN z - Palmaris brevis 


Opponens pollicis 


Superficial palmar A. Pisiform 


Abductor pollicis longus Flexor retinaculum 


Median N. 
Radial A. 


Ulnar A. 


Flexor carpi radialis Flexor carpi ulnaris 


Flexor digitorum Palmaris longus 


superficialis 


Fig. 8.5 Superficial dissection of the palm to show the palmar aponeurosis. The deep fascia has been removed from the thenar and 
hypothenar eminences. 
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Fig. 8.6 Muscle attachments to the posterior surface of the right radius and ulna. 


Dissection 8.2 begins the dissection of the palm 
of the hand. 


Superficial palmar arch 


This arterial arch begins as a terminal branch of 
the ulnar artery on the flexor retinaculum, distal to 
the pisiform bone. It runs forwards, medial to the 
hook of the hamate, and turns laterally, deep to the 
palmar aponeurosis, to join one of the branches of 
the radial artery [Fig. 8.10]. The radial branch may 
form a significant portion of an incomplete arch. 
The distal point of the arch lies at the same level as 


the distal border of the thenar eminence when the 
thumb is fully extended. 


Branches 


The principal branches of the superficial palmar 
arch are the four palmar digital arteries. The most 
medial is the proper palmar digital artery to the me- 
dial side of the little finger. The other three branch- 
es are the common palmar digital arteries 
to adjacent sides of two fingers. In the interdigi- 
tal clefts, the common digital artery receives the 
corresponding palmar metacarpal artery from the 
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Fig. 8.7 Deep dissection of the front of the forearm. The elbow is partially flexed, and the forearm semi-pronated. The superficial muscles 
are cut and reflected. The flexor digitorum superficialis and flexor carpi ulnaris are separated to display deeper structures. 
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DISSECTION 8.2 Palm of the hand-1 


Objectives 


|. To identify and trace the superficial palmar arch and its 
branches, the superficial branch of the ulnar nerve, and 
branches of the median nerve. Il. To study the digital 
fibrous flexor sheath. 


Instructions 


1. Remove any remnants of the palmaris brevis, and fol- 
low the ulnar nerve and artery distally, superficial 
to the flexor retinaculum. Note, but do not follow, 
the deep branch of the nerve (motor) and the deep 
palmar branch of the artery entering the hypothenar 
muscles. 


2. Follow the superficial palmar arch, which the ulnar ar- 
tery forms, and trace its branches. Trace the branches 
of the ulnar nerve (sensory and sympathetic) to the 
fingers [Fig. 8.9]. The superficial palmar arch is immedi- 
ately deep to the palmar aponeurosis. Deep to the arch 
are the branches of the median and ulnar nerves, and 
further deeper are the long flexor tendons [Fig. 8.8]. 


3. Pull gently on the median nerve, proximal to the flexor 
retinaculum. This demonstrates its position at the distal 
edge of the retinaculum. Carefully follow the branches 
of the median nerve, distal to the retinaculum, but do 
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Fig. 8.9 Palmar structures displayed by removing the palmar aponeurosis. 





not disturb the flexor tendons. The nerve gives a short, 
thick, recurrent (motor) branch into the thenar muscles, 
close to the distal edge of the retinaculum. 


_ The median nerve divides into the common and 


proper palmar digital nerves (mainly sensory and 
sympathetic) to the thumb and lateral two and a half 
fingers [Fig. 8.10]. The most medial digital branch 
communicates with the most lateral digital branch of 
the ulnar nerve. 


. The branch to the lateral side of the index finger sup- 


plies the first lumbrical muscle, and the branch to the 
medial side supplies the second lumbrical. 


. Follow the digital branches at least to the roots of the 


fingers, and trace them to the tip of one finger. Note 
the branches which pass dorsally in the distal part of 
the finger. Through these, the skin on the dorsal sur- 
faces of the distal two phalanges is supplied by the 
palmar digital nerves. 


. Expose the surface of the fibrous flexor sheath in 


one finger at least, but avoid damage to the tissue sur- 
rounding the flexor tendons at its proximal end. Note 
that the sheath is thick where it lies opposite the bod- 
ies of the phalanges but is thinner at the level of the 
interphalangeal joint. 
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Fig. 8.10 Diagram of nerves and vessels of the hand in relation to 
bones and skin creases. 


deep palmar arch. It then divides into two proper 
palmar digital arteries to the adjacent sides of 
two fingers [Figs. 8.9, 8.10]. The proper palmar dig- 
ital arteries to each finger form a rich anastomosis 
in the pulp of the finger and in the nail bed. 


Flexor retinaculum 


This dense fibrous band unites the ends of the arch 
of the carpal bones and thus converts the space 
within the arch into an osteofibrous carpal tun- 
nel. The median nerve, the long flexor tendons of 
the fingers and thumb, and the tendon of the flex- 
or carpi radialis pass through this tunnel. The flex- 
or retinaculum acts as a pulley for these tendons in 
flexion of the wrist. The retinaculum is continuous 
with the deep fascia of the forearm and the palmar 
aponeurosis in the hand. 

The flexor retinaculum is attached to the pisi- 
form bone and the hook of the hamate medially 
and to the tubercle of the scaphoid and the front 
of the trapezium laterally [see Fig. 5.5]. The attach- 
ment to the trapezium is to either side of the groove 
which lodges the tendon of the flexor carpi radia- 
lis, thus forming a separate tunnel for this tendon. 

The superficial surface of the retinaculum gives 
partial origin to the thenar and hypothenar mus- 
cles and has the ulnar nerve and vessels, the pal- 
mar cutaneous branches of the median and ulnar 


nerves, and the tendon of the palmaris longus 
on it. 

The space deep to the flexor retinaculum is the 
‘carpal tunnel’. The tendons of the flexor carpi ra- 
dialis, flexor pollicis longus, flexor digitorum lon- 
gus, flexor digitorum superficialis, and the median 
nerve lie in it [Fig. 8.11A and B]. 


Fibrous flexor sheaths 


Fibrous flexor sheaths are found on the flexor sur- 
face of the digits, deep to the superficial fascia. To- 
gether with the synovial sheath which lies with- 
in them, they form coverings for the long flexor 
tendons of the fingers [Fig. 8.12]. These thickened 
sheaths are attached to the sides of the palmar sur- 
faces of the phalanges and of the palmar ligaments 
of the metacarpophalangeal and interphalangeal 
joints. It is thick over the surface of the bones, 
but thinner at the joints to allow flexion. Together 
with the phalanges, each sheath forms an osteofas- 
cial tube and prevents the tendons from springing 
away from the bone during contraction. 


Synovial sheaths of flexor tendons 


Synovial sheaths surround tendons wherever they 
pass through fascial or osteofascial tunnels. In the 
hand, synovial sheaths are found around tendons, 
as they pass through the carpal tunnel, and the os- 
teofascial tunnel formed by the phalanges and the 
fibrous flexor sheaths [Fig. 8.13A]. These sheaths 
consist of two concentric tubes or layers of smooth 
synovial membrane joined together at their ends. 
The layers are separated from each other by a capil- 
lary interval (the cavity of the sheath) which con- 
tains synovial fluid to lubricate the opposed sur- 
faces as they slide on each other. The inner layer 
surrounds, and is adherent to, the tendon; the out- 
er layer lines the fibrous or bony canal and is fused 
with it [Fig. 8.13B]. Tendons may be completely 
surrounded by the synovial space or suspended 
in the sheath by a fold of the synovial membrane 
(mesotendon). The mesotendon allows blood 
vessels to reach the tendon at any point along the 
sheath (see vincula, Fig. 8.15). D The cavity of a 
synovial sheath forms a route for rapid spread of 
infection along its length. When inflamed, the cav- 
ity becomes distended with fluid, tense, and pain- 
ful, and the increased pressure within the sheath 
may interfere with the blood supply of the tendon. 

In the carpal tunnel [Fig.8.13A], the tendons of the 
flexor digitorum superficialis and flexor digitorum 
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Fig. 8.11 (A) Transverse section at the level of the distal row of the carpal bones. The flexor pollicis longus, the median nerve, and the 
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lateral. (B) MR image of the hand at the same level. FCRS = flexor carpi radialis; FPLS = flexor pollicis longus. 
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Fig. 8.12 Palmar surface of the middle finger. A window has been cut in the fibrous flexor sheath to show the long flexor tendons. 
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Fig. 8.13 (A) Synovial sheaths of flexor tendons of digits. 
(B) Schematic drawing to show the relationship of a tendon 
to the inner and outer layers of the synovial sheath. 


profundus are enclosed in a common synovial 
sheath. More laterally, the tendon of the flexor pol- 
licis longus is enclosed in its own synovial sheath. 
(The flexor digitorum profundus and flexor pollicis 
longus will be seen during the deep dissection of 
the forearm.) These two sheaths may communicate 
with each other, and both extend 2-3 cm proxi- 
mally into the forearm, posterior to the tendons. 
Distally, the sheath for the flexor pollicis longus 
extends to the terminal phalanx of the thumb. The 
sheath for the flexor digitorum extends to the mid- 
dle of the palm for the lateral three digits and to 
the terminal phalanx of the little finger. The syno- 
vial sheaths within the fibrous flexor sheaths of the 
middle three digits are separate from the common 
sheath. The synovial sheath of the little finger is 
incomplete to allow the lumbrical muscles (which 
are attached to the tendons of the flexor digitorum 
profundus) to emerge from the sheath. The ten- 
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Fig. 8.14 Relationship between the fibrous flexor sheath, synovial 
sheath, and long flexor tendons. 


don of the flexor carpi radialis has its own synovial 
sheath. Fig. 8.14 shows the relationship between 
the fibrous flexor sheath, the synovial sheath, and 
the long flexor tendons. 

Dissection 8.3 continues to study the front of the 
forearm and the palm of the hand. 


Arteries of the flexor compartment of 
the forearm 


The brachial artery divides into the radial and ul- 
nar arteries at the level of the neck of the radius in 
the cubital fossa. The smaller radial artery pass- 
es inferolaterally between the brachioradialis and 
flexor carpi radialis to reach the anterior surface of 
the distal end of the radius between the tendons of 
these muscles. Here the artery can be felt readily 
(radial pulse) against the bone. Except in the initial 
part of its course, the artery is immediately deep 
to the deep fascia. It crosses the superficial surface 
of the pronator teres with the superficial branch of 
the radial nerve [Fig. 8.3]. 

The ulnar artery passes inferomedially, deep to 
the median nerve and the muscles arising from the 
medial epicondyle of the humerus and the coro- 
noid process of the ulna. It lies on the brachialis 
and flexor digitorum profundus. It meets the ul- 
nar nerve above the middle of the forearm and de- 
scends vertically with it to pierce the deep fascia 
just proximal to the flexor retinaculum, between 
the tendons of the flexor carpi ulnaris and flexor 
digitorum superficialis [Fig. 8.3]. 


DISSECTION 8.3 Front of the forearm and palm of the hand 


Objectives 
|. To study the long flexor tendons in the hand. _ II. To study 
Me deep mude on The mrent or tne Toreaniny Ila 


identify and trace the branches of the median nerve, ulnar 


nerve, and anterior interosseous nerve in the forearm. 


Instructions 


iF 


Attempt to demonstrate the synovial sheath around 
the flexor digitorum superficialis tendon. Clean the 
loose connective tissue (external layer of the sheath) 
around the tendons, close to the proximal margin 
of the flexor retinaculum, and note the smooth, 
slippery internal surface of the sheath and external 
surface of the tendon. Introduce a blunt probe into 
the sheath, and try to define its extent. Note that it 
allows the probe to pass easily into the hand, deep 
to the flexor retinaculum, but also that the structures 
here are tightly packed in the carpal tunnel. 


In one finger, divide the fibrous flexor sheath longi- 
tudinally. Note it is thick at the level of the bodies of 
the phalanges and relatively thin opposite the joints. 
Examine the extent of the digital synovial sheath. 


Lift the tendons of the flexor digitorum superfti- 
cialis and profundus within the digital sheath, and 
note the vinculae [Fig. 8.15] passing between them 
and the outer layer of the synovial sheath on the 
phalanges. 


Divide the flexor retinaculum by a vertical cut be- 
tween the thenar and hypothenar muscles. Take care 
not to damage the median nerve. Establish the con- 
tinuity of the trunk of the median nerve with the 
branches found in the hand. 


Follow the tendons of the flexor digitorum superfi- 
cialis distally to the fingers. Note how each tendon 
divides to enclose the corresponding tendon of 
the flexor digitorum profundus. It is then inserted 
on the palmar aspect of the middle phalanx, dor- 
sal to the profundus tendon [Fig. 8.15]. 


In the forearm, cut transversely through the humero- 
ulnar head of the flexor digitorum superficialis. Re- 
flect the distal part of the muscle laterally to uncover 
the deep muscles of the forearm, the median nerve, 
and the ulnar artery. 


Separate the median nerve from the deep surface 
of the flexor digitorum superficialis, and trace it 
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proximally. Find its branches to the muscle and the 
anterior interosseous nerve arising from it in the 
cubital fossa. 


Follow the ulnar artery to its origin from the 
brachial artery, and trace its principal branches 
[see Figs. 7.7, 8.3]. Do not follow the posterior 
interosseous artery at this stage. Trace the anterior 
interosseous artery and nerve on the interosseous 
membrane between the deep flexor muscles of the 
forearm. 


Identify the deep muscles of the forearm. These are 
the flexor digitorum profundus medially, the flex- 
or pollicis longus laterally, and the pronator quad- 
ratus. The flexor pollicis longus and flexor digitorum 
profundus arise from the proximal two-thirds of the 
ulna and radius [Figs. 8.4, 8.6]. The pronator quadra- 
tus is a rectangular muscle which passes transversely 
between the anterior surfaces of the distal quarters 
of the radius and ulna. 


Find the branches of the anterior interosseous ar- 
tery and nerve to the deep muscles. Note that the 
artery passes posteriorly through the interosseous 
membrane at the proximal border of the pronator 
quadratus. 


Cut across the flexor digitorum superficialis, distal to 
the origin of its radial head, and turn its tendons dis- 
tally. Follow the tendons of the flexor digitorum pro- 
fundus and flexor pollicis longus through the carpal 
tunnel into the palm. 


Note the separation of the tendons of the flexor 
digitorum profundus in the palm and the four small 
muscles (lumbricals) which arise from them. Follow 
the lumbrical muscles to their tendons, as they pass 
with the proper digital vessels and nerves to the lat- 
eral side of the base of each finger [Fig. 8.9]. Their 
tendons will be traced later. 


Reconfirm the nerve supply to the medial part of the 
flexor digitorum profundus from the ulnar nerve and 
the origin of that muscle from the medial and ante- 
rior surfaces of the ulna. 


If possible, follow the anterior interosseous nerve 
through the pronator quadratus to the anterior sur- 
face of the wrist joint. It supplies this joint and the 
distal radio-ulnar joint. 
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The ulnar artery is the principal source of supply 
to the forearm; the radial artery is usually the main 
artery of the hand. Both arteries send recurrent 
branches to anastomose around the elbow joint 
with branches of the brachial (ulnar collateral 
arteries) and profunda brachii (radial collat- 
eral artery) arteries [see Fig. 7.7]. Both arteries 
supply the muscles adjacent to them and give the 
palmar and dorsal carpal arteries at the wrist. 
These arteries anastomose on, and supply, the car- 
pal bones, the surrounding joint tissues, and the 
adjacent parts of the hand. At the wrist, the radial 
artery sends a superficial palmar branch of 
variable size into the thenar muscles. It lies superfi- 
cial to the flexor retinaculum and may anastomose 
with the superficial palmar arch of the ulnar artery 
[Fig. 8.9], occasionally forming a large or separate 
part of it. 

The common interosseous artery is the prin- 
cipal branch of the ulnar artery in the forearm [see 
Fig. 7.7]. It passes to the upper border of the in- 
terosseous membrane and divides into the anterior 
and posterior interosseous arteries. The poste- 
rior interosseous artery passes above the membrane 
to the back of the forearm. The anterior interos- 
seous artery gives off the long, slender median ar- 
tery to the median nerve and then descends on the 
front of the interosseous membrane between the 
flexor pollicis longus and flexor digitorum profun- 
dus to the pronator quadratus [Fig. 8.3]. It supplies 
these muscles, sends nutrient arteries to the radius 
and ulna, and pierces the interosseous membrane 


at the upper border of the pronator quadratus to 
enter the back of the forearm. 


Nerves of the flexor compartment 
of the forearm and hand 


Median nerve 


The median nerve lies medial to the brachial artery 
at the elbow. It gives branches to the pronator teres, 
flexor carpi radialis, palmaris longus, flexor digito- 
rum superficialis, and the elbow joint as it lies on 
the brachialis in the cubital fossa. As it leaves the 
fossa on the anterior surface of the ulnar artery, it 
gives off the anterior interosseous nerve. This 
nerve runs with the corresponding artery and sup- 
plies the flexor digitorum profundus (lateral half), 
flexor pollicis longus, and pronator quadratus. It 
passes posterior to the pronator quadratus to end 
on the front of the wrist and distal radio-ulnar 
joints [see Figs. 7.3, 8.3]. 

The median nerve descends on the deep surface 
of the flexor digitorum superficialis. Near the wrist, 
the nerve lies between the tendons of the flexor 
digitorum superficialis and flexor carpi radialis, 
deep to the tendon of the palmaris longus. It gives 
off the palmar cutaneous branch, traverses the car- 
pal tunnel, and divides into six branches near the 
distal border of the retinaculum. The most lateral 
branch turns proximally on the retinaculum and 
enters the thenar muscles to supply the abductor 
pollicis brevis, flexor pollicis brevis, and opponens 
pollicis. Medial to this, the mode of division is vari- 
able, but commonly three proper palmar digi- 
tal nerves pass, one to each side of the thumb and 
the radial side of the index finger [Fig. 8.10]. The 
nerve to the index finger supplies the first lumbri- 
cal muscle. A common palmar digital nerve 
passes towards each side of the middle finger. The 
lateral one supplies the second lumbrical muscle, 
and the medial one communicates with the com- 
mon palmar digital nerve from the ulnar nerve. 
Proximal to the division of the corresponding com- 
mon palmar digital arteries, each of these nerves 
divides into two proper palmar digital nerves. 
These nerves pass between the slips of the palmar 
aponeurosis to enter the subcutaneous tissue of the 
index, middle, and ring fingers [Fig. 8.9]. They lie 
anterior to the corresponding arteries. 

The proper palmar digital nerves supply the skin 
on the palmar aspects of the finger and on the dor- 
sal surface of the distal one and a half to two pha- 
langes through the dorsal branches. In the thumb, 


they frequently supply the skin on the dorsal sur- 
face of the terminal phalanx. The areas supplied by 
the digital nerve overlap to a large extent. D Total 
destruction of only one of the parent nerves (me- 
dian, ulnar, or radial) produces an area of complete 
sensory loss much smaller than the sum of the 
areas supplied by the individual branches. 


Ulnar nerve 


The ulnar nerve enters the forearm on the posterior 
surface of the medial epicondyle of the humerus. 
It gives a branch to the elbow joint, passes deep to 
the flexor carpi ulnaris [Fig. 8.7], and gives a branch 
to it and to the medial half of the flexor digitorum 
profundus. It descends between these two muscles 
in the medial part of the front of the forearm and 
is joined by the ulnar artery. It gives off the dorsal 
branch of the ulnar nerve above the middle of 
the forearm and becomes superficial on the lateral 
side of the tendon of the flexor carpi ulnaris, close 
to the pisiform bone. It pierces the deep fascia with 
its palmar cutaneous branch and the ulnar artery, 
passes on to the flexor retinaculum, and divides 
into deep and superficial branches. 

The superficial branch supplies the palmaris 
brevis, passes deep to it, and divides into a prop- 
er palmar digital nerve to the medial side of 
the little finger and a common palmar digital 
nerve to the fourth interdigital cleft. The latter 
communicates with the adjacent common palmar 
digital nerve from the median nerve and divides 
into proper palmar digital nerves to the adjacent 
sides of the ring and little fingers [Fig. 8.10]. 

The ulnar nerve may transmit nerve fibres from 
the seventh cervical ventral ramus to the skin of 
the hand. It receives these C7 fibres either through 
a communication with the median nerve in the 
forearm or through a branch from the lateral cord 
of the brachial plexus in the axilla. 


Muscles of the front of the 
forearm and hand 


Extensor muscles 


The brachioradialis takes origin from high on 
the lateral supracondylar line of the humerus. It 
descends in front of the elbow joint, with the ex- 
tensor carpi radialis longus which arises inferior to 
it [see Fig. 6.2]. Both flex the elbow joint, though 
they belong to the extensor group of muscles and 


are supplied by the radial nerve. The brachioradia- 
lis is inserted into the lateral surface of the distal 
end of the radius. In addition to flexing the elbow 
joint, it also partially supinates the fully pronated 
forearm because of its spiral course through the 
forearm in this position. 


Flexor muscles 


The flexor muscles of the forearm are arranged in 
three groups—superficial, intermediate, and deep 
groups. 

The superficial group consists of the pronator 
teres, flexor carpi radialis, palmaris longus, and 
flexor carpi ulnaris. The flexor digitorum super- 
ficialis is closely associated with the superficial 
muscles but forms the intermediate layer. All 
these muscles take origin from the medial epicon- 
dyle of the humerus [see Fig. 6.2], and the fascia 
between them. Some muscles have a subsidiary 
attachment to the coronoid process of the ulna 
[Fig. 8.4]. All these muscles pass anterior to the 
elbow joint and are weak flexors, though each 
has other specific actions. All of them are sup- 
plied by the median nerve in the cubital fossa, 
except the flexor carpi ulnaris which is supplied 
by the ulnar nerve. 

The flexor carpi ulmaris arises from the olec- 
ranon and posterior border of the ulna, in addition 
to the humeral origin. It passes vertically down 
and is inserted into the pisiform. It is a flexor of 
the wrist and an adductor (ulnar deviator) of the 
hand. The force which it applies to the pisiform is 
transmitted to the hook of the hamate [Fig. 8.16] 
by the pisohamate ligament, and to the base 
of the fifth metacarpal by the pisometacarpal 
ligament. Both ligaments are essentially continu- 
ations of the tendon. 

The palmaris longus expands into the palmar 
aponeurosis and acts to tense it. It stabilizes the 
palmar skin in grasping an object. It passes anterior 
to the wrist joint and may assist in its flexion. The 
muscle is frequently absent. 

The flexor carpi radialis runs obliquely across 
the anterior surface of the forearm to the anterolat- 
eral surface of the wrist. It passes deep to the lateral 
end of the flexor retinaculum, grooves the trapezi- 
um, and is inserted into the base of the second and 
third metacarpals (that of the thumb is the first). It is 
a flexor of the wrist and abductor (radial deviator) of 
the hand. Acting with the flexor carpi ulnaris, it pro- 
duces pure flexion of the wrist joint. Because of its 
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Fig. 8.16 Muscle attachments to the palmar surfaces of the carpus and metacarpus. 


oblique course in the forearm, it tends to rotate the 
hand and radius medially, and so assists pronation. 
The pronator teres is the most lateral and most 
oblique of these muscles. It is a pronator (medial 
rotator of the radius on the ulna) and has increased 
mechanical advantage by being attached to the 
most lateral part of the convex radius [Fig. 8.4]. 
The flexor digitorum superficialis lies deep 
to the other muscles of this group. The humero- 
ulnar head arises with the other muscles from the 
medial epicondyle of the humerus and the coro- 
noid process of the ulna. An additional thin radial 
head [Figs. 8.3, 8.4] arises from the anterior border 
of the radius and straightens the pull of the mus- 


Vinculum 
breve 


Vinculum 
longum 


Fig. 8.17 Tendons attached to the index finger. 





cle, so that it passes vertically down the middle of 
the front of the forearm. Its four tendons enter the 
palm through the carpal tunnel in the same syno- 
vial sheath as those of the flexor digitorum profun- 
dus—the common synovial sheath. (The tendons to 
the middle and ring fingers are anterior to those of 
the index and little fingers.) One tendon passes into 
the fibrous flexor sheath of each finger. At the proxi- 
mal phalanx, each tendon splits into two bands or 
slips which curve posteriorly on each side of the 
underlying tendon of the flexor digitorum profun- 
dus and are inserted on the palmar surface of the 
middle phalanx [Fig. 8.17]. The most posterior fibres 
of each band pass behind the profundus tendon to 
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intermingle with the corresponding fibres of the 
other band (chiasma tendinum.) and end in its 
insertion. Thus, they form an oblique sling around 
the profundus tendon. The tendons of the flexor 
digitorum superficialis cross the anterior surfaces of 
all the joints from the wrist to the proximal inter- 
phalangeal joint, and so may flex all of these (the 
range of movement at the carpometacarpal joints 
is so small that it may be ignored). Usually they act 
on the metacarpophalangeal and proximal inter- 
phalangeal joints, the wrist being fixed by the ex- 
tensors. The tendon to the little finger is occasion- 
ally missing. 

The deep group of flexor muscles arise from the 
ulna and radius [Fig. 8.4], and consists of the flexor 
digitorum profundus, flexor pollicis longus, and 
pronator quadratus. 

The flexor digitorum profundus arises distal 
to the coronoid process from the medial and ante- 
rior surfaces of the proximal parts of the ulna and 
the adjacent interosseous membrane. When the 
fist is clenched, it may be felt contracting through 
the aponeurotic origin of the flexor carpi ulnaris by 
placing your fingers medial to the posterior border 
of the ulna. The four tendons pass through the car- 
pal tunnel and separate in the palm. These tendons 
give origin to the lumbrical muscles from their 
radial or adjacent sides. Each tendon enters the fi- 
brous flexor sheath of the corresponding finger, 
deep to the tendon of the flexor digitorum superfi- 
cialis, traverses the aperture between the slips of the 
flexor digitorum superficialis tendon, and is insert- 
ed into the palmar surface of the base of the distal 
phalanx [Fig. 8.17]. Nerve supply: the lateral half, 
which passes to the index and middle fingers, is 
supplied by the anterior interosseous branch of the 
median nerve; the medial half, which passes to the 
ring and little fingers, is supplied by the ulnar nerve. 
Actions: this muscle flexes the wrist and fingers, as 
does the flexor digitorum superficialis. In addition, 
it also flexes the distal interphalangeal joints and 
forms the structure from which the lumbricals act. 
©Ə When the muscle is paralysed, the obvious effect 
is the absence of flexion of the terminal phalanges. 

The vincula tendinum [Fig. 8.17] are thin fi- 
brous slips enclosed in the synovial membrane 
which transmit blood vessels to the tendons with- 
in the digital synovial sheaths. The vincula brevia 
are triangular and are attached to the tendons im- 
mediately proximal to their insertion. The vincula 
longa are more slender and lie nearer the root of 
the finger. 


The flexor pollicis longus arises from the ante- 
rior surface of the radius between the attachments 
of the flexor digitorum superficialis (radial head) 
and pronator quadratus, and from the interosseous 
membrane [Fig. 8.4]. The single tendon traverses 
the lateral part of the carpal tunnel and the palmar 
surface of the thumb between the muscles of the 
thenar eminence and adductor pollicis. It enters 
the fibrous flexor sheath at the base of the proxi- 
mal phalanx of the thumb and is inserted into the 
base of the terminal phalanx. Nerve supply: the 
anterior interosseous branch of the median nerve. 
Action: it flexes all the joints of the thumb (in- 
cluding the carpometacarpal joint) and the wrist. 

The pronator quadratus [Figs. 8.4, 8.7] runs 
transversely from its origin on the anterior surface 
of the distal quarter of the ulna to its insertion on 
the distal quarter of the radius. Nerve supply: the 
anterior interosseous branch of the median nerve. 
Action: pronation. 

Dissection 8.4 continues to dissect the palm of 
the hand. 


Fascial compartments of the palm 


The deep fascia of the palm covers the muscles in 
the hand and forms intermuscular septa between 
them. The fascial compartments of the palm are 
potential spaces enclosed by septa. Anterior to the 
central region of the palm is the palmar aponeu- 
rosis. Two septa pass posteriorly from the medial 
and lateral margins of the aponeurosis. On the lat- 
eral side, the septum becomes continuous with the 
fascia covering the palmar aspect of the adductor 
pollicis. On the medial side, it becomes continuous 
with the fascia over the medial two interosseous 
spaces. This central region contains the long flexor 
tendons of the fingers, the lumbricals, branches 
of the median and ulnar nerves, and the arteries 
in the palm. The space is continuous proximally 
with the carpal tunnel and distally with the superfi- 
cial tissues of the fingers. It is not directly continu- 
ous with the cavities of the fibrous flexor sheaths 
of the fingers, because these are filled by the digital 
synovial sheaths. Distal to the common synovial 
sheath for the flexor tendons, several septa pass be- 
tween the tendons from the palmar aponeurosis to 
the fascia covering the metacarpals. Posterior to the 
structures in the common synovial sheath is a zone 
of loose connective tissue known as the ‘mid-pal- 
mar space’ [Fig. 8.8]. D This space may become 
distended with fluid in infections of the hand. 
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DISSECTION 8.4 Palm of the hand-2 


Objectives 


|. To study the muscles of the thenar eminence, hypoth- 
enar eminence, and adductor pollicis. Il. To identify the 
deep palmar arch and trace its branches. 


Instructions 


1. Remove the deep fascia from the surface of the the- 
nar and hypothenar eminences. Avoid damage to 
the branch of the median nerve and the deep branch 
of the ulnar nerve which supply these muscles. 


2. In the thenar eminence, the most anterior muscle 
is the abductor pollicis brevis. It covers the op- 
ponens pollicis completely and the flexor pollicis 
brevis partially [Fig. 8.9]. Pass the handle of a scalpel 
behind the lateral border of the abductor, and lift it 
from the underlying muscles. Define its attachments, 
and cut across it to expose the opponens. Separate 
the flexor brevis from the opponens; the flexor bre- 
vis is inserted, with the abductor brevis, into the 
anterior aspect of the base of the first phalanx. The 
opponens pollicis is inserted into the anterior sur- 
face of the first metacarpal [Fig. 8.16]. (The use of the 
terms anterior and posterior in the thumb may be 
misleading, but necessary because the palmar sur- 
face of the thumb faces medially.) 


3. All three muscles of the thenar eminence arise from 
the flexor retinaculum and the tubercle of the trape- 
zium. The flexor has a deep head from the trapezoid 
and the capitate as well. 


4. Cut across the middle of the flexor pollicis brevis, 
and reflect its parts. This exposes the tendon of the 
flexor pollicis longus and, behind it, the adductor 
pollicis passing to the posterior surface of the base 
of the proximal phalanx. 


>) Examine the synevialeshedti-e! tie long TMexer 
tendon; then expose and divide the fibrous flexor 
sheath in the thumb to follow the tendon and its 
synovial sheath to the terminal phalanx. 


6. In the hypothenar eminence, separate the ab- 
ductor digiti minimi from the medial side of the 
flexor digiti minimi brevis [Figs. 8.5, 8.9]. Identify 


and follow the deep branch of the ulnar nerve 
and the deep palmar branch of the ulnar artery 
between these muscles. Define the attachments of 
these muscles, and then cut through the middle of 
the abductor, and reflect its parts to expose the 
opponens digiti minimi. Follow this muscle to its 
attachments. 


. Cut through the flexor digitorum profundus in the 


forearm and both ends of the superficial palmar 
arch in the hand. Turn the distal parts of the flexor 
digitorum superficialis and profundus towards the 
fingers. Note the nerves to the lumbricals, as they 
are reflected with the tendons. 


. Study the remainder of the adductor pollicis, the 


deep palmar arterial arch, and the deep branch of 
the ulnar nerve in the palm. Establish the continu- 
ity of the last two with the ulnar artery and nerve 
by tracing them over the medial surface of the hook 
of the hamate bone. Divide the flexor digiti minim 
brevis, if necessary [Fig. 8.9]. 


. Follow the artery and nerve laterally on the proximal 


parts of the bodies of the metacarpals, deep to the 
long tendons. Find the branches of the nerve which 
pass to the interosseous muscles between the meta- 
carpals, and trace its branch to the adductor pollicis. 


. Define the attachments of the adductor pollicis [Fig. 


8.16]. Cut across the muscle midway between its 
origins and insertion, and follow the branch of the 
nerve and the artery between the two parts of the 
muscle. 


. The deep branch of the ulnar nerve passes to the first 


dorsal interosseous muscle which is now exposed in 
the palm. 


. The deep branch of the ulnar artery completes the 


deep palmar arch by meeting the radial artery en- 
tering the palm between the two heads of the first 
dorsal interosseous muscle. Find the branch of the 
radial artery which passes to the palmar surface 
of the thumb (princeps pollicis) and the radialis 
indicis artery to the lateral side of the palmar 
surface of the index finger [Fig. 8.10]. 


©Ə Such infections may have tracked to the space 
from the fingers along the lumbrical muscles or 
from the digital synovial sheaths. 

The adductor pollicis lies in a separate compart- 
ment, posterior to the lateral part of the central 
sheath. D This compartment may also be distend- 
ed with fluid in infections which involve it, thus 
forming the ‘thenar space’ [Fig. 8.8]. 

The thenar and hypothenar muscles lie in sepa- 
rate fascial compartments. 

© Infected puncture wounds of the palm may 
lead to a collection of fluid between the palmar 
aponeurosis and the tendons. Fluid in this space 
cannot escape to the surface, because of the thick 
aponeurosis, and may involve the tendon sheaths 
if not drained by surgical incision. Minor injuries 
of the fingers may also become infected. These lead 
to considerable effusion of fluid and development 
of pressure in the dense tissues of the finger. Finger 
infection may be in the pulp of the finger, distal 
to the end of the fibrous flexor sheaths or within 
it in the synovial sheath. If untreated, the pressure 
may interfere with the blood supply of local tissues 
and lead to the death of the terminal phalanx if the 
pulp is involved, or necrosis of the flexor tendons 
if the flexor sheath is involved. Clearly, if pressure 
from such infections develops, it must be relieved 
by opening the sheath and draining the fluid. 


Short muscles of the thumb 


The abductor pollicis brevis, the flexor polli- 
cis brevis, and the opponens pollicis form the 
thenar eminence and are innervated by the medi- 
an nerve. (Occasionally, the flexor and rarely the 
abductor and opponens are supplied by the ulnar 
nerve.) All three muscles arise from the lateral part 
of the flexor retinaculum and from the tubercles of 
the scaphoid and trapezium [Fig. 8.16]. 

The opponens pollicis fans out to be inserted on 
the anterior surface of the first metacarpal. It is cov- 
ered anteriorly by the abductor pollicis brevis and 
medially by the flexor pollicis brevis. The abductor 
pollicis brevis and flexor pollicis brevis are inserted 
together into the anteromedial surface of the base 
of the proximal phalanx through a tendon which 
contains a small sesamoid bone. The abductor pol- 
licis brevis sends part of its tendon into the exten- 
sor expansion of the thumb. Through the exten- 
sor expansion, it is inserted into the dorsal surface 
of the base of the distal phalanx and can produce 
extension of the interphalangeal joint. The flexor 


pollicis brevis crosses the anteromedial surfaces of 
the first carpometacarpal and metacarpophalangeal 
joints and so produces flexion at both joints. The 
abductor pollicis brevis crosses the anterior surfac- 
es of the same two joints but produces abduction 
mainly at the carpometacarpal joint. The opponens 
pollicis acts only on the carpometacarpal joint. It 
moves the metacarpal towards the centre of the 
palm and rotates it medially, so that the palmar 
surface of the thumb is turned to face the palmar 
surfaces of the fingers. 

The adductor pollicis is supplied by the deep 
branch of the ulnar nerve. It lies deep in the palm 
and takes origin by two heads—the oblique and 
transverse heads [Fig. 8.16]. The muscles converge 
on the posteromedial surface of the base of the 
proximal phalanx of the thumb as a common ten- 
don containing a small sesamoid bone. This mus- 
cle draws the thumb posteriorly towards the palm 
at the carpometacarpal joint, but it may also pro- 
duce flexion at the metacarpophalangeal joint in 
the fully opposed thumb. 

The sesamoid bones of the thumb are small, 
ovoid bones lying in the tendons and adherent to 
the capsule of the metacarpophalangeal joint. One 
flattened surface of each bone is covered with car- 
tilage and slides directly on the cartilage of the pal- 
mar surface of the head of the first metacarpal. In 
a firm grip, sesamoid bones prevent compression 
of the tendons against the bone and facilitate their 
movements on the bone. 


Movements of the thumb 


Movements of the thumb are at right angles to 
the corresponding movements of the fingers. The 
carpometacarpal joint of the thumb also dif- 
fers from that of the fingers in possessing a greater 
degree of mobility. The first carpometacarpal joint 
is a saddle-shaped joint that permits flexion and 
extension, and abduction and adduction. (Other 
carpometacarpal joints allow only a slight degree 
of gliding movement and no flexion, extension, 
abduction, or adduction.) The joint surfaces of the 
first carpometacarpal joint are arranged on a curve, 
so that flexion is associated with medial rotation 
of the metacarpal (action of the opponens) and 
extension with lateral rotation. The range of these 
movements without rotation is very limited. The 
metacarpophalangeal and interphalangeal joints 
of the thumb allow little more than flexion and 
extension. 


Front of the forearm and hand 


111 


The forearm and hand 


112 


Opposition is a complex movement which 
brings the palmar surface of the distal segment of 
the thumb into contact with the corresponding 
surface of a finger. In the thumb, this movement 
consists of abduction, followed by combined flex- 
ion and medial rotation at the carpometacarpal 
joint, with or without flexion of the other joints 
of the thumb. Opposition of the thumb must not 
be confused with simple flexion of all of its joints 
which can be produced by the flexor pollicis lon- 
gus acting alone. Simple flexion brings the tip of 
the thumb into contact with the lateral side of the 
terminal segment of any flexed finger. It can be car- 
ried out by the flexor pollicis longus when true op- 
position of the thumb is lost due to paralysis of the 
short muscles of the thumb. This condition is seen 
when the median nerve is injured, distal to the ori- 
gin of its anterior interosseous branch supplying 
the long flexor of the thumb [see Tables 9.9 and 
9.10 for muscles and movements of the thumb]. 


Short muscles of the little finger 


The abductor digiti minimi, flexor digiti 
minimi brevis, and opponens digiti minimi 
form the hypothenar eminence and are supplied 
by the deep branch of the ulnar nerve. The abduc- 
tor digiti minimi and flexor digiti minimi 
brevis lie side by side, superficial to the oppon- 
ens digiti minimi. They arise from the flexor ret- 
inaculum, the pisiform bone, and the hook of the 
hamate bone [Fig. 8.16]. The abductor and flexor 
are inserted together into the anteromedial surface 
of the base of the proximal phalanx of the little 
finger. The opponens is inserted along the antero- 
medial surface of the fifth metacarpal. 

The little finger has the most mobile metacarpal 
of the four fingers, but, even so, lateral rotation of 
the metacarpal by the opponens is very limited. 
This movement is supplemented by lateral rotation 
of the proximal phalanx by the flexor digiti minimi 
brevis. The flexor digiti minimi brevis also flexes 
the metacarpophalangeal joint with the flexor digi- 
torum superficialis and profundus. 


Deep branch of the ulnar nerve 


The deep branch of the ulnar nerve arises from the 
ulnar nerve on the flexor retinaculum [Fig. 8.9]. It 
supplies the muscles of the hypothenar eminence 
and passes deep between the abductor digiti min- 
imi and the flexor digiti minimi brevis with the 
deep palmar branch of the ulnar artery. The 


nerve and artery turn laterally on the hook of the 
hamate and cross the palm on the proximal parts of 
the metacarpal bones, deep to the long flexor ten- 
dons. The nerve supplies all interossei muscles, the 
medial two lumbricals, and the adductor pollicis. 
In summary, the deep branch of the ulnar nerve 
supplies all the muscles in the palm, except the 
three muscles of the thenar eminence and the lat- 
eral two lumbricals. These muscles are supplied by 
the median nerve. The flexor pollicis brevis fre- 
quently receives a branch from the ulnar nerve, in 
addition to that from the median nerve, and occa- 
sionally the ulnar nerve is its only source of supply. 


Deep palmar arch 


The deep palmar arch is formed by the radial ar- 
tery which enters the palm between the two heads 
of the first dorsal interosseous muscle. It gives off 
the princeps pollicis and the radialis indicis 
arteries [Fig. 8.10], passes between the heads of 
the adductor pollicis, runs medially, and unites with 
the deep palmar branch of the ulnar artery to com- 
plete the arch. The deep palmar arch lies a finger’s 
breadth proximal to the superficial palmar arch. 

The arch gives a palmar metacarpal artery 
in each of the medial three interosseous spaces. 
These join the distal ends of the corresponding 
common palmar digital arteries of the superficial 
palmar arch and may sometimes replace them. 

The princeps pollicis passes to the metacarpal 
of the thumb and divides into the two palmar digi- 
tal arteries of the thumb, one on each side of the 
tendon of the flexor pollicis longus. 

The radialis indicis passes distally between the 
first dorsal interosseous and the adductor pollicis 
to become the proper palmar digital artery on the 
lateral side of the index finger. 


Extensor compartment of the 





forearm and hand 


Begin by revising the surface anatomy and cutane- 
ous nerves of the region. 

The posterior cutaneous nerve of the fore- 
arm (a branch of the radial nerve) is the main 
cutaneous nerve in this region. The medial and 
lateral cutaneous nerves of the forearm also 
spread on to the posterior surface. In the hand, the 
main supply is from the superficial branch of 
the radial nerve and the dorsal branch of 


the ulnar nerve, often in almost equal propor- 
tions. These nerves give rise to the dorsal digital 
nerves to the dorsal aspect of the proximal part 
of the fingers up to the proximal interphalangeal 
joints. The cutaneous supply of the dorsal sur- 
faces of the hand and fingers shows considerable 


DISSECTION 8.5 


Objectives 


|. To study the superficial muscles of the back of the fore- 


arm. 


Il. To define the extensor retinaculum. III. To 


identify and trace the branches of the posterior interos- 


seous nerve and artery. 


Instructions 


iP 


Find the superficial branch of the radial nerve and 
the dorsal branch of the ulnar nerve on the front of 
the forearm. Trace both to their distribution on the 
dorsal surfaces of the hand and fingers. 


Remove the deep fascia from the back of the fore- 
arm, but leave the thickened part at the wrist—the 
extensor retinaculum [Fig. 8.18]. 


As the proximal edge of the retinaculum is defined, 
try to demonstrate the synovial sheaths of the ten- 
dons of the extensor muscles which pass deep to it 
[Figs. 8.19, 8.20]. 


Separate the superficial muscles from each other, 
starting with the tendons at the wrist. Because of 
their limited bony origin, these muscles arise mainly 
from extensive tendinous sheets between them, so 
that separation proximally is artificial, but necessary 
if the deeper structures are to be seen. 


Completely separate the three anterolateral mus- 
cles (brachioradialis, extensor carpi radialis longus, 
and extensor carpi radialis brevis) from the extensor 
digitorum [Fig. 8.18], and expose the supinator lying 
deep to them [Fig. 8.21]. 


Expose the posterior interosseous nerve emerg- 
ing from the supinator near its distal border. Follow 
the branches of this nerve to the extensor digitorum, 
extensor digiti minimi, extensor carpi ulnaris, and the 
muscles deep to it. (This nerve is the continuation of 
the deep branch of the radial nerve.) 


Pull the brachioradialis and the extensor carpi ra- 
dialis longus and brevis laterally to expose the radial 
nerve at the elbow. 


variation. Occasionally, the lateral and/or posterior 
cutaneous nerves of the forearm also supply the 
dorsum of the hand, and the ulnar nerve regularly 
supplies a greater area on the dorsum of the hand 


than on the palmar aspect [see Fig. 5.8]. 


Dissection 8.5 looks at the back of the forearm. 


Back of the forearm 
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Complete the exposure of this nerve and its deep 
branch which gives branches to the supinator and 
then pierces it. Find the branch to the extensor carpi 
radialis brevis which arises here. Pull gently on the 
deep branch to establish its continuity with the pos- 
terior interosseous nerve. 


Find the posterior interosseous artery on the back 
of the forearm. It emerges between the radius and 
ulna, immediately distal to the supinator and close 
to the posterior interosseous nerve. Trace the main 
branches of the artery. 


Identify the remaining superficial muscles. The ex- 
tensor digiti minimi is the separated medial part of 
the extensor digitorum and leaves it at the extensor 
retinaculum to pass through a separate compart- 
ment, medial to the extensor digitorum. Medial to 
this is the extensor carpi ulnaris. It is attached to the 
posterior border of the ulna by the thick deep fascia. 
Divide the fascia over the extensor carpi ulnaris in 
the proximal third of the forearm to demonstrate the 
anconeus |Fig. 8.18]. 


Lift the extensor digitorum, and expose the deep lay- 
er of the extensor muscles. Immediately distal to the 
supinator is the abductor pollicis longus. The other 
three muscles (extensor pollicis brevis, extensor pol- 
licis longus, and extensor indicis) arise distal to this 
[Fig. 8.6]. Trace the tendons of these muscles to the 
extensor retinaculum. 


Expose the tendons on the back and lateral side 
of the hand. Note that the thumb, index, and little 
finger each has two extensor tendons. Identify all 
these tendons at your own wrist, and note which 
of them become taut in movements of the wrist 
and in movements of the fingers and thumb. At the 
same time, review the position of the flexor ten- 
dons on the anterior aspect of the distal part of 
your forearm. 
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Fig. 8.18 Superficial dissection of the back of the forearm. 


Muscles of the back of the forearm 
These may be divided into three groups. 


1. The superficial muscles arise from a common ori- 
gin on the lateral supracondylar line and the lat- 
eral epicondyle of the humerus [see Fig. 6.2]. They 
pass to either: (a) the bones of the forearm [Fig. 
8.6]; (b) the bones of the hand [Fig. 8.22]; or (c) the 
bones of the fingers. 

(i) Centrally placed in the superficial group are 
the muscles passing to the fingers—the ex- 
tensor digitorum and extensor digiti 
minimi. 

(ii) On either side of the extensor digitorum and 
extensor digiti minimi are the three exten- 
sors of the carpals which are inserted into the 
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metacarpal bones. The extensor carpi ra- 
dialis longus and brevis lie laterally, and 
the extensor carpi ulnaris lies medially 
[Fig. 8.21]. 

(iii) Medial and lateral to these, a single muscle 
from the common origin passes to the radi- 
us and ulna. Laterally, the brachioradialis 
passes to the radius; medially, the anconeus 
fans out from the lateral epicondyle to the 
proximal third of the lateral surface of the 
ulna [Fig. 8.6]. 

2. Four deep muscles arise from the forearm bones 
and the interosseous membrane [Fig. 8.6], and pass 
to the thumb or index finger. Laterally, the abduc- 
tor pollicis longus and extensor pollicis bre- 
vis curve over the posterior surface of the radius 
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Fig. 8.19 Dissection of the lateral side of the left wrist and hand, showing the tendons in their synovial sheaths. 
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Fig. 8.20 Dissection of the back of the forearm, wrist, and hand, showing the tendons in their synovial sheaths. 
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Fig. 8.21 Deep dissection of the back of the forearm. 


and the tendons of the lateral three muscles of the 
superficial group—brachioradialis, and extensor 
carpi radialis longus and brevis—to the lateral as- 
pect of the base of the first metacarpal. Immediate- 
ly medial to these is the extensor pollicis lon- 
gus, the tendon of which curves round the medial 
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Fig. 8.22 Muscle attachments to the dorsal aspect of the right 
metacarpus. 


side of the dorsal tubercle of the radius. More 
medially, the extensor indicis lies medial to the 
tendons of the extensor digitorum [Fig. 8.21]. 

3. A single deep muscle—the supinator—passes 
between the two forearm bones. It arises from the 
lateral surface of the fibrous capsule of the elbow 
joint and from the upper end of the ulna, distal 
to the radial notch. It curves round the posterior 
and lateral surfaces of the radius [Fig. 8.21] and is 
inserted on the radius between the attachments of 
the flexor digitorum superficialis [Fig. 8.4] and pro- 
nator teres. Figs. 8.23 and 8.24 show the relation- 
ship of muscles and tendons to the bones at the 
upper third of the forearm and wrist. 


The nerve supply to all these muscles is from 
the radial nerve and its branches. The brachiora- 
dialis, the two extensor carpi radialis, and the su- 
pinator are supplied by branches which arise from 
the radial nerve anteriorly. The remaining muscles, 
except the anconeus, are supplied by the posterior 
interosseous nerve which is the continuation of 
the deep branch of the radial nerve. Thus, injury 
to the deep branch of the radial nerve in the supi- 
nator paralyses only these muscles. (The anconeus 
is supplied by a branch from the radial nerve to the 
medial head of the triceps.) 


Actions of extensor muscles of 
the forearm 


The actions of the extensor muscles of the fingers 
and thumb will be dealt with later when the muscles 
which act with them have been dissected. The ac- 
tion of the brachioradialis has been described earlier. 

The extensor carpi radialis longus and bre- 
vis and the extensor carpi ulnaris act together 
to extend the wrist. They also stabilize the wrist 
in the extended position when the flexor muscles 
of the fingers act, so that these muscles can apply 
the full range of their contraction to the fingers. 
An important point to remember is that, when the 
wrist is extended, the flexors of the wrist are relaxed. 
When the wrist is flexed, the fist cannot be closed 
tightly, because the flexor muscles of the fingers 
cannot contract sufficiently and the extensor mus- 
cles of the fingers cannot stretch adequately to allow 
this movement. So unless the wrist is extended, a 
tight fist cannot be formed. Radial extensors of the 
wrist act with the radial flexor to produce abduc- 
tion of the wrist. This is an important movement, 
e.g. in raising a hammer prior to striking with it— 
which requires the strength of two radial extensors. 
The extensor and flexor carpi ulnaris act in a 
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Fig. 8.23 Section through the upper third of the left forearm. A = anterior; P = posterior; M = medial; L = lateral. 


similar fashion to produce adduction of the wrist. 
The flexors and extensors of the wrist act together 
to fix the wrist, so that fine movements of the fin- 
gers can take place on a stable hand. 

The anconeus holds the ulna firmly against the 
humerus. It also contracts strongly during prona- 
tion, when the distal end of the ulna is displaced 
laterally by slight lateral rotation of the humerus. 
This occurs in many movements, e.g. in using a 
screwdriver in the right hand to remove a screw. 


The supinator supinates the forearm. It is a 
powerful muscle and acts with the biceps brachii. 
It may be assisted by the abductor pollicis longus 
which arises, in part, from the ulna and runs paral- 
lel to the supinator. 

The abductor pollicis longus is inserted into 
the anterolateral surface of the base of the first meta- 
carpal. It abducts the thumb at the carpometacar- 
pal joint and produces some extension. It also acts 
with the supinator, as described above. 
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Fig. 8.24 Transverse section through the forearm above the flexor retinaculum, showing the relation of the synovial sheaths to the ten- 


dons. A = anterior; P = posterior; M = medial; L = lateral. 
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Extensor retinaculum and synovial 
sheaths of extensor tendons 


The extensor retinaculum is a thick strip of deep 
fascia, 2-3 cm wide, which passes across the exten- 
sor tendons from the triquetrum and styloid pro- 
cess of the ulna to the sharp anterolateral margin 
of the distal end of the radius. From the deep sur- 
face of the retinaculum, septa extend to the head 
of the ulna and to each of the bony ridges on the 
distal end of the radius. The presence of these septa 
divide the space deep to the retinaculum into a 
number of tunnels for separate groups of tendons 
and their synovial sheaths. 

The tendons of the extensor digitorum and ex- 
tensor indicis lie in a common central synovial 
sheath. Each of the other tendons usually has its 
own separate sheath, with the exception of the ab- 
ductor pollicis longus which lies with the extensor 
pollicis brevis. The sheaths begin near the proximal 
edge of the extensor retinaculum and extend for a 
variable distance on to the corresponding metacar- 
pal. In the case of the extensors of the carpus and 
the long abductor of the thumb, the sheath ends 
near the base of the metacarpal to which it is at- 
tached. The position of the extensor tendons on 
the dorsum of the wrist are shown in Table 8.1. 


Table 8.1 Position of extensor tendons at the wrist 


Tendon palpable Muscles Action 
Between distal end Extensor carpi Extension 
of radius and bases radialis longus of wrist 
of second and third and brevis 
metacarpals 
Between distal end of Extensor carpi 
ulna and base of fifth ulnaris 
metacarpal 
Centrally over carpus Extensor Extension 
and bases of third and digitorum of fingers 
fourth metacarpals Extensor indicis 
On fifth metacarpal Extensor digiti 

minimi 
From dorsal tubercleof Extensor pollicis Extension 
radius along posterior longus of thumb 
margin of anatomical 
snuffbox 
From styloid process of Extensor pollicis 
radius along anterior brevis 
margin of snuffbox 
Between styloid process Abductor Abduction 
of radius and base of pollicis longus of thumb 


first metacarpal 


Deep branch of the radial and 
posterior interosseous nerves 


The deep branch of the radial nerve arises at the 
level of the lateral epicondyle of the humerus. It 
descends between the brachialis and brachioradia- 
lis, and gives branches to the extensor carpi radialis 
brevis and supinator [see Fig. 7.3]. It enters the su- 
pinator, winds obliquely round the lateral and post- 
erior surfaces of the radius within that muscle, and 
emerges a short distance proximal to the distal bor- 
der of the supinator, as the posterior interosseous 
nerve. It gives branches to the surrounding muscles 
and descends between the extensor digitorum and 
the abductor pollicis longus on the posterior sur- 
face of the interosseous membrane [Fig. 8.21]. In 
the distal part of the forearm, it accompanies the 
terminal part of the anterior interosseous artery. 
It ends on the back of the wrist joint by sending 
branches to the wrist and the intercarpal joints. 

Dissection 8.6 begins the dissection of the back 
of the hand. 


Arteries of the back of the forearm 
and hand 


The posterior interosseous artery supplies the 
muscles on the back of the forearm. It takes part in 
the anastomosis around the elbow joint and ends 
in the dorsal carpal rete on the dorsal surface of 
the wrist. The artery arises from the common in- 
terosseous artery in the anterior compartment and 
passes backwards between the radius and ulna, 


DISSECTION 8.6 Back of the hand-1 
Objective 


|. To identify and trace the radial artery on the lateral 
side and dorsum of the hand. 


Instructions 


|. Trace the radial artery distally from the anterior 
surface of the distal end of the radius. It passes 
through the anatomical snuffbox, deep to the 
tendons which form the margins, and enters the 
proximal end of the first intermetacarpal space. 


2. Find its dorsal and palmar carpal branches and the 
dorsal digital arteries which it gives to the thumb 
and the lateral side of the index finger. 


immediately proximal to the interosseous mem- 
brane. It appears on the back of the forearm be- 
tween the supinator and abductor pollicis longus 
muscles, close to the posterior interosseous nerve. 
Here it gives muscular branches and sends the in- 
terosseous recurrent artery, deep to the anconeus, 
to the elbow joint anastomosis. The poorly formed 
remainder of the artery descends between the deep 
and superficial muscles to the dorsal carpal rete 
[Fig. 8.21]. 

The terminal part of the anterior interosseous 
artery pierces the interosseous membrane, 5-6 cm 
proximal to the distal end of the radius. It descends 
on the membrane to the dorsal carpal rete with 
the terminal branch of the posterior interosseous 
nerve. 

The dorsal carpal rete—a mesh of anastomo- 
sing arteries on the dorsal surfaces of the carpal 
bones—is formed by the dorsal carpal branches 
of the radial and ulnar arteries and the anterior and 
posterior interosseous arteries. It supplies the dor- 
sal surfaces of the wrist, the carpal and carpometa- 
carpal joints, and the dorsal surface of the hand 
and fingers. The rete gives rise to a dorsal digi- 


DISSECTION 8.7 


Objectives 


|. To study the extensor expansion and the insertion of 
muscles into it. Il. To identify and expose the palmar 


and dorsal interossei and their tendons. 


Instructions 


1. Follow the extensor tendons into the fingers and 
thumb. In each finger, the tendon expands into a 
sheet as it passes towards the metacarpophalangeal 
joint and forms a structure known as the extensor ex- 
pansion. Clean the extensor expansion, and note that 
it is widest at the level of the metacarpophalangeal 
joint. At this level, the margins of the expansion turn 
anteriorly on each side of the metacarpal head to be 
attached to the deep transverse metacarpal ligament. 


2. Distal to the metacarpophalangeal joint, the expan- 
sion narrows on the dorsal surface of the proximal in- 
terphalangeal joint, passing over it to reach the mid- 
dle and distal phalanges. Over the proximal phalanx, 
identify the two thickened margins and the central 
portion of the expansion. Follow the fibre bundles of 
both parts, as they pass distally. 


tal artery to the medial side of the little finger 
and three dorsal metacarpal arteries which lie 
in the medial three intermetacarpal spaces. Each 
dorsal metacarpal artery receives perforating 
branches from the deep palmar arch and the cor- 
responding palmar metacarpal artery. It ends by 
dividing into dorsal digital arteries to each side of 
adjacent fingers. 

The radial artery leaves the anterior surface of 
the radius and passes deep to the tendons of the ab- 
ductor pollicis longus and extensor pollicis brevis. 
In the ‘anatomical snuffbox’, it lies on the scaph- 
oid and trapezium against which it can be palpat- 
ed. Here it gives off its palmar and dorsal carpal 
arteries. The radial artery then passes deep to the 
tendon of the extensor pollicis longus and gives 
off dorsal digital arteries to both sides of the 
thumb and the lateral side of the index finger. The 
artery then turns medially into the palm through 
the proximal end of the first intermetacarpal space, 
between the two heads of the first dorsal interosse- 
ous muscle [Figs. 8.10, 8.21]. 

Dissection 8.7 continues the dissection of the 
back of the hand. 


Back of the hand-2 


3. Follow the tendon of the lumbrical muscles on the 
palmar surface of the deep transverse metacarpal liga- 
ment into the lateral margin of the expansion. 


4. Remove any fat and fascia covering the dorsal surfaces 


of the intermetacarpal spaces, and expose a dorsal 
interosseous muscle in each space. Trace the muscle 
distally to its tendon. 


5. Divide the dense fibrous tissue which lies between the 
dorsal parts of the metacarpal heads, and trace part of 
the tendon into the corresponding margin of the ex- 
tensor expansion, distal to the metacarpophalangeal 
joint. (A deeper part of the tendon may be traced into 
the base of the proximal phalanx.) 


6. Identify the deep transverse metacarpal ligament ly- 


ing between the palmar surfaces of the medial four 
metacarpal heads. 


7. Separate the dorsal interosseous muscle from the 


two metacarpal bones from which it arises. Turn 
the muscle distally, and expose the palmar inter- 
osseous muscle which arises only from the meta- 
carpal of the finger to which it passes. (In the first 
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intermetacarpal space, the first palmar interosseous 
muscle is only a slender slip.) Trace the tendon of 
the palmar interosseous to the extensor expansion 
and sometimes to the base of the proximal phalanx. 
The first dorsal interosseous muscle is found on the 
lateral side of the index finger, and the second on the 
lateral side of the middle finger. The third and fourth 
dorsal interossei are found on the medial sides of 


Extensor tendons of the fingers 


The four tendons of the extensor digitorum pass 
to the dorsum of the hand. They are linked together 
by oblique strips of tendinous material—the inter- 
tendinous connections—proximal to the meta- 
carpophalangeal joints. These connections force 
the tendons to work together. The index and little 
fingers each have an additional extensor tendon— 
extensor indicis and extensor digiti minimi. 
These fuse with the corresponding tendon of the 
extensor digitorum, distal to the connections, and 
so are able to extend the metacarpophalangeal 
joints of these fingers alone when the joints of the 
middle and ring fingers are flexed. The middle and 
ring fingers cannot be extended individually. 


Extensor expansion 


The triangular extensor expansion is found on the 
dorsal aspect of each digit. It forms a hood over the 


the middle and ring fingers, respectively. The first 
and second palmar interosseous muscles are found 
on the medial side of the thumb and index finger, re- 
spectively. The third and fourth palmar interossei are 
found on the lateral side of the ring and little fingers, 
respectively. The tendons of the interossei in the me- 
dial three spaces lie posterior to the deep transverse 
metacarpal ligament. 


metacarpophalangeal joint and part of the proxi- 
mal phalanx [Figs. 8.21, 8.25]. Just proximal to the 
metacarpophalangeal joint, the tendon of the ex- 
tensor digitorum joins the extensor expansion. The 
base of the triangle extends anteriorly on each side 
of the metacarpal head to join the deep transverse 
metacarpal ligament. Over the proximal phalanx, 
the lateral margins of the expansion are thickened 
by the insertion of part of the tendon of the inter- 
ossei muscle and of the tendon of the lumbri- 
cals (lateral margin only). These thickened lateral 
margins pass obliquely backwards to the posterior 
surface of the proximal interphalangeal joint. As 
they do so, they send tendinous bundles into the 
tendon of the long extensor in the midline of the 
extensor expansion [Fig. 8.25]. The main bulk of 
the extensor digitorum tendon runs through the 
midline of the extensor expansion and is held in 
position by strong transverse tendinous bundles 
at the metacarpophalangeal joint. Distal to the 





Fig. 8.25 Diagram showing the relationship of the extensor expansion of a finger to the palmar aponeurosis, palmar ligament of the 
metacarpophalangeal joint, fibrous flexor sheath of the long flexor tendons, and lumbrical and interosseous muscles. 1. Tendon of 

the flexor digitorum superficialis. 2. Tendon of the flexor digitorum profundus. 3. Lumbrical muscle. 4. Interosseous muscle. 5. Tendon of 
the extensor digitorum. 6. Deep part of the interosseous tendon passing to the base of the proximal phalanx. 7. Window cut in the exten- 
sor expansion. 8. Extensor expansion. 9. Central part of the extensor expansion passing to the base of the middle phalanx. 10. Conjoined 
lateral and medial parts of the extensor expansion inserting into the terminal phalanx. 11. Palmar aponeurosis with fibres (12) passing to 
the palmar ligament of (13) the metacarpophalangeal joint, and (14) fibres passing to (15) the fibrous flexor sheath. 


metacarpophalangeal joint, the tendon splits into 
three bundles in the expansion. The central part, 
joined by bundles from the thick margins of the 
expansion, crosses the proximal interphalangeal 
joint and is inserted into the base of the middle 
phalanx. The other two parts fuse with the margins 
of the extensor expansion at the level of the proxi- 
mal phalanx, pass over the posterior surface of the 
proximal interphalangeal joint, converge and fuse 
on the dorsal surface of the middle phalanx, cross 
the posterior surface of the distal interphalangeal 
joint, and are inserted into the base of the distal 
phalanx. 

At the metacarpophalangeal and inter- 
phalangeal joints, the extensor expansion forms 
the dorsal part of the fibrous capsule of the joint. 
It is continuous laterally with the remainder of the 
fibrous capsule and is held in position by it. 


Deep transverse metacarpal ligament 
and palmar ligaments 


The deep transverse metacarpal ligament is 
a strong band which passes between the palmar 
ligaments of the metacarpophalangeal joints of 
the medial four digits. These palmar ligaments 
are thick, semi-rigid structures which are firmly 
attached to the base of the proximal phalanx of 
each finger. They are only loosely attached to the 
metacarpal. When the metacarpophalangeal joint 
is flexed, the palmar ligament slides proximally on 
the palmar surface of the metacarpal. When the 
joint is extended, the ligament moves distally on 
the metacarpal head. Clearly, in each movement, 
the attachment of the extensor expansion moves 
with the ligament. 


Muscles inserted into the extensor 
expansion 


In addition to the long extensors of the digits, the 
lumbrical and interosseous muscles are inserted 
into the extensor expansion. 


Lumbrical muscles 


The four lumbricals arise from the tendons of the 
flexor digitorum profundus in the palm of the 
hand—the first from the lateral side of the tendon 
to the index finger, the remainder often from the 
adjacent sides of two tendons. Each passes to the 
radial side of the corresponding finger, anterior to 
the metacarpophalangeal joint and the deep trans- 
verse metacarpal ligament (except the first), to join 


the lateral edge of the extensor expansion. Nerve 
supply: the lateral two lumbricals are innervated 
by the median nerve, and the medial two by the 
ulnar nerve. Actions: these muscles flex the meta- 
carpophalangeal joints of the fingers and extend 
the interphalangeal joints—the position of the fin- 
gers in writing. 


Interosseous muscles 


These muscles arise from the metacarpal bones 
[Figs. 8.16, 8.22], the larger dorsal interossei from 
two adjacent metacarpals and the smaller palmar 
interossei from the metacarpal of the finger on 
which they act. They cross the metacarpophalan- 
geal joints, posterior to the deep transverse meta- 
carpal ligament (except for those in the first inter- 
metacarpal space). The dorsal interossei pass to 
the lateral sides of the index and middle fingers 
and to the medial sides of the middle and ring fin- 
gers. Part of the tendon passes deep to the exten- 
sor expansion to the base of the proximal phalanx; 
the remainder joins the corresponding margin of 
the extensor expansion [Fig. 8.26]. Actions: dorsal 
interossei abduct the fingers from the line of the 
middle finger, extend the interphalangeal joints, 
and play a part in flexion of the metacarpophalan- 
geal joints (especially the first dorsal interosseous). 
Palmar interossei pass to the medial sides of the 
thumb and index finger and to the lateral sides 
of the ring and little fingers. They are inserted into 
the corresponding margin of the extensor expan- 
sion and into the base of the proximal phalanx 
[Fig. 8.27]. Actions: palmar interossei adduct the 
fingers and the thumb to the line of the middle 
finger, extend the interphalangeal joints, and play 
a part in flexion of the metacarpophalangeal joints. 

Abduction and adduction at the metacar- 
pophalangeal joints are markedly reduced when 
these joints are flexed. This is because of tighten- 
ing of the collateral ligaments and the reduced 
mechanical advantage of the interossei in the 
flexed position. Nerve supply: all the interossei 
are supplied by the deep branch of the ulnar nerve 
[Fig. 8.28]. 


Movements of the fingers 


The fingers are flexed at all joints by the flexor digi- 
torum profundus. They are flexed at the metacar- 
pophalangeal and proximal interphalangeal joints 
by the flexor digitorum superficialis, and at the 
metacarpophalangeal joints by the lumbricals and 
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Fig. 8.26 Dorsal interosseous muscles of the right hand (seen from the palmar aspect). 


interossei. D Inability to flex the distal interphalan- 
geal joints occurs in paralysis of the flexor digito- 
rum profundus—a condition which is evident in 
the ring and little fingers in damage to the ulnar 
nerve above the elbow. 

The fingers are extended together at all joints by 
the extensor digitorum. The index and little fin- 
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Fig. 8.27 Palmar interosseous muscles of the right hand. 


gers are extended independently at all joints by 
the extensor indicis and extensor digiti minimi. 
Extension of the interphalangeal joints is assisted 
by the lumbricals and interossei. When the meta- 
carpophalangeal joints are fully extended, the deep 
transverse metacarpal ligament is pulled distally on 
the metacarpal head, making the attachment to the 
ligament the only effective insertion of the long 
extensor tendons. The distal parts of the extensor 
digitorum and extensor indicis in the extensor ex- 
pansion are slackened and unable to extend the 
interphalangeal joints. In this situation (when the 
metacarpophalangeal joints are fully extended), 
the interphalangeal joints can only be extended by 
the lumbricals and interossei. 

© Flexion of one finger at the metacarpophalan- 
geal and proximal interphalangeal joints, when the 
other fingers are extended, leaves the distal pha- 
lanx of that finger quite lax—it cannot be either 
extended or flexed. The distal phalanx cannot be 
flexed because the flexor digitorum profundus can- 
not act on a single finger (insufficient separation of 
the parts of the muscle), and it cannot be extended 
because the extensor expansion can only extend 
the distal interphalangeal joint when the proximal 
interphalangeal joint is extended. 

Abduction and adduction of the fingers (but not 
the thumb) occurs at the metacarpophalangeal 
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Fig. 8.28 Schematic transverse section through the hand to show the motor distribution of the median and ulnar nerves. FDS = flexor 
digitorum superficialis; FDP = flexor digitorum profundus; M1-5 = metacarpals 1-5; L1-4 = lumbricals 1-4; 1-4 = palmar interossei 1-4; 
D1-4 = dorsal interossei 1-4; Pb = palmaris brevis; Fm = flexor minimi brevis; Am = abductor digiti minimi; Om = opponens digiti minimi; 
Ap = abductor pollicis brevis; Fp = flexor pollicis brevis; Op = opponens pollicis. 
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joints. The interossei and abductor digiti minimi 
produce these movements which have a consider- 
able range when the joints are extended but are 
limited when they are flexed (see Movements at 
metacarpophalangeal joints, p. 138). Adduction 
also occurs in flexion of the fingers and abduction 
in extension. This is because the axes of the inter- 
phalangeal joints do not lie in a straight line, but 
on an arc of a circle which is concave towards the 
palm. Confirm this movement in your own hand. 

The little finger has the most mobile metacar- 
pal of all the fingers. It can be rotated laterally to 
a small degree by the opponens digiti minimi, as- 
sisted by the short flexor and the abductor. This 
brings the pulp of the little finger into direct oppo- 
sition with that of the thumb. Compare this with 
opposition of the thumb and index finger in your 
own hand. 


Extensors of the thumb 


The extensor pollicis longus takes origin from 
the middle third of the posterior surface of the ulna 
and adjacent interosseous membrane [Fig. 8.6]. Its 
tendon passes deep to the extensor retinaculum 
and bends laterally around the dorsal tubercle of 
the radius. It crosses the tendons of the extensor 
carpi radialis longus and brevis and runs along the 
dorsum of the first metacarpal. At the first metacar- 
pophalangeal joint, it is joined by the first palmar 
interosseous muscle and an extension from the ab- 
ductor pollicis brevis to form a limited extensor 
expansion. 

The extensor pollicis brevis and abductor 
pollicis longus arise together—the abductor 
from the posterior surfaces of the ulna, radius, and 


interosseous membrane, distal to the supinator, 
and the extensor brevis from the posterior sur- 
faces of the radius and interosseous membrane, 
immediately distal to the abductor [Fig. 8.6]. The 
tendons of both muscles cross the tendons of the 
brachioradialis and extensor carpi radialis longus 
and brevis [Fig. 8.21], and pass to the dorsum of 
the first metacarpal where they form the anterior 
margin of the ‘anatomical snuffbox’. The abduc- 
tor pollicis longus is inserted to the base of the 
first metacarpal, and the extensor pollicis brevis 
continues to the base of the proximal phalanx of 
the thumb. 

These three muscles of the thumb are supplied 
by the posterior interosseous nerve. 


Movements of the thumb 


Functionally, the thumb is one half of the hand, 
for it acts in the opposite direction to the fingers in 
grasping any object. 

The principal movements of the thumb take place 
at the carpometacarpal joint. The movements 
possible at this joint are flexion, extension, abduc- 
tion, adduction, and medial and lateral rotation. 
However, the range of each of these movements 
varies greatly. The curved saddle shape of the joint 
freely allows abduction and adduction. Flexion 
and extension are very slight, unless accompanied 
by medial rotation in flexion and lateral rotation in 
extension. These rotatory movements are possible 
only in abduction, due to the shape of the saddle 
joint. As such, flexion and extension only occur 
freely when the thumb is abducted. 

Flexion with medial rotation of the abducted 
thumb is known as opposition, because it brings 
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the palmar surface of the thumb to oppose that of 
one of the fingers. 

Movements at the metacarpophalangeal 
joint of the thumb is mainly flexion and extension. 
A small amount of abduction (produced by the ab- 
ductor pollicis brevis) and adduction by the adductor 
pollicis and the first palmar interossei are possible. 

Only flexion and extension occur at the inter- 
phalangeal joint—brought about mainly by the 
flexor pollicis longus and extensor pollicis longus. 

Opposition is produced by the combined ac- 
tion of the abductor pollicis longus and brevis, 
followed by the action of the opponens pollicis 
(medial rotation) synchronously with the flexor 
pollicis brevis. Opposition of the thumb is usually 
(but not necessarily) accompanied by flexion at the 
metacarpophalangeal and interphalangeal joints of 
the thumb. 

The flexor pollicis longus is used principally 
when the tip of the thumb is opposed to the tip of 
a finger or when power is required. The flexor pol- 
licis brevis is used when the main flexion is at the 


carpometacarpal and metacarpophalangeal joints. 
The abductor pollicis brevis is used principally 
when the thumb is opposed to the little finger; the 
abductor longus is continuously active during op- 
position and the reverse movement. In this reverse 
movement of straightening of the opposed thumb, 
extension is first produced by the extensor pollicis 
brevis, which helps to maintain abduction at the 
carpometacarpal joint. The extensor pollicis longus 
comes more and more into play, as the movement 
progresses, helping to produce lateral rotation of 
the thumb. The extensor pollicis longus may also 
act as an adductor of the fully abducted thumb, 
thus assisting the adductor pollicis or mimicking 
its activity when paralysed. 

Confirm these movements in your own hand, 
and check the contraction of the muscles by not- 
ing, as far as possible, their tendons or the harden- 
ing of the muscles themselves. 

Clinical Applications 8.1, 8.2, and 8.3 explore 
how the anatomy of the forearm and hand applies 
to clinical practice. 


CLINICAL APPLICATION 8.1 Carpal tunnel syndrome 


A 52-year-old domestic worker developed tingling and 
burning pain over the palmar aspect of the thumb, index, 
and middle finger. On inspection, the doctor noticed that 
there was flattening of the thenar eminence. 

Study question 1: what forms the thenar eminence? (An- 
swer: muscles of the thenar eminence, the abductor pol- 
licis brevis, the flexor pollicis brevis, and the opponens pol- 
licis.) On examination, it was found that she was not able 
to abduct or oppose her thumb effectively. She also had 
decreased sensation over the palmar aspect of the thumb, 
index finger, middle finger, and lateral part of the ring finger. 


Study question 2: if this were due to a nerve lesion, 
which nerve is affected? (Answer: the median nerve.) 

Study question 3: how does the affected nerve enter 
the hand? Name other structures that lie in the same 
space at the wrist. (Answer: the median nerve passes 
deep to the flexor retinaculum (in the carpal tunnel) to 
enter the hand. Other structures in the carpal tunnel are 
the tendons of the flexor pollicis longus and flexor digi- 
torum superficialis and profundus.) Death of the tendons 
due to interference with their blood supply can occur in 
SETTE 


CLINICAL APPLICATION 8.2 Tenosynovitis 


A 12-year-old schoolgirl pricked her thumb with a nee- 
dle, just proximal to the interphalangeal joint on the pal- 
mar aspect. Over the next few days, she developed pain 
and swelling over the site of injury which soon spread to 
the lateral side of the hand and palm up to the wrist. Her 
parents treated her with painkillers and made her rest. 
The swelling continued to spread and extended to the 
lower part of the wrist. Movements of the thumb and 


wrist became excruciatingly painful, and she developed 
a fever on the tenth day. She was taken to a hospital. On 
examination, her entire thumb, lateral side of the hand, 
and lower part of the forearm were swollen and tender. 
Movements of the thumb were restricted due to the 
swelling and painful. There was no lymphadenopathy. 
Study question 1: from your knowledge of anatomy of 
this region, which structure, when infected, is most likely 


to present with these signs and symptoms? (Answer: syn- 
ovial sheath of the thumb.) 

Study question 2: name the tendon which lies in this 
sheath. What is the proximal and distal extent of this 
sheath? (Answer: the tendon of the flexor pollicis longus. 
The sheath starts from a few centimetres proximal to the 
flexor retinaculum and ends on the distal phalanx.) 


Study question 3: do you think it is possible for the 
infection to spread outside the sheath? (Answer: Yes.) The 
radial synovial sheath may communicate with the ulnar 
(common) synovial sheath for the long flexors, and infec- 
tion can spread through this communication. The sheath 
could rupture because of distension, and infection could 
spread to the surrounding tissue. 


CLINICAL APPLICATION 8.3 Dupuytren’s contracture 


Progressive shortening of the palmar aponeurosis re- 
sults in a condition known as Dupuytren’s contracture. 
The patient's fingers are flexed, because the aponeurosis 
is attached to the proximal phalanges through the deep 


transverse metacarpal ligament. The shortening usually 
affects the medial part of the aponeurosis, and hence the 
little and ring fingers. Surgical division of the aponeurosis 
is required to straighten the fingers. 
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CHAPTER 9 


The joints of the upper limb 





This chapter begins with Dissection 9.1. 

The elbow joint is formed by the articulation of 
the trochlea of the humerus with the trochlear 
notch of the ulna, and the capitulum of the hu- 
merus with the proximal surface of the head of 
the radius [see Figs. 6.2, 8.4]. Its fibrous capsule 
and joint cavity are continuous with those of the 
proximal radio-ulnar joint. The elbow joint is es- 
sentially a hinge joint with strong radial and ul- 
nar collateral ligaments. The anterior and posterior 
parts of the fibrous capsule are weak and contain 
oblique fibres which permit the full range of move- 
ments [Fig. 9.1]. 

Proximally, the anterior part of the fibrous capsule 
is attached to the medial and lateral epicondyles 
and the upper margins of the radial and coronoid 


DISSECTION 9.1 Elbow joint 
Objective 


|. To study the fibrous capsule of the elbow joint. 


Instructions 


1. Separate the muscles from the epicondyles, and 
reflect them distally. Divide the biceps, brachialis, 
and triceps, a short distance proximal to the 
elbow, and turn all three distally. 


2. Separate all the muscles from the fibrous capsule 
of the elbow joint, and remove the loose connec- 
tive tissue from its external surface, so as to de- 
fine its parts. Retain the median, ulnar, and radial 
nerves and the brachial artery. 


fossae of the humerus. Distally, it is attached to the 
coronoid process of the ulna and the annular liga- 
ment of the radius. 

The posterior part of the capsule is weak. It 
stretches from a line joining the epicondyles across 
the floor of the olecranon fossa to the articular 
margin of the olecranon. 


Humerus 


Fibrous capsule 


Radial collateral 
ligament 


Ulnar collateral 
ligament 


of radius 


Tendon of 
insertion of 
biceps muscle 


Ulna 





Radius 


Fig. 9.1 Front of the elbow joint. 
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The radial collateral ligament is strong. It 
passes from the distal surface of the lateral epicon- 
dyle to the lateral and posterior parts of the annu- 
lar ligament of the radius [Fig. 9.1]. 

The ulnar collateral ligament radiates from 
the medial epicondyle of the humerus to the cor- 
onoid process and olecranon of the ulna. The edg- 
es of the ligament are thick. The thinner central 
part is attached to a transverse band that bridges 
across the interval between these edges [Fig. 9.2]. 
The ulnar nerve and posterior ulnar recurrent ar- 
tery lie on the posterior and middle parts of the 
ligament. 

Dissection 9.2 dissects the interior of the elbow 
joint. 


Synovial membrane 


As in all synovial joints, the synovial membrane 
lines the deep surface of the fibrous capsule and 
the intracapsular non-articular parts of the bones. 
On the bony fossae—olecranon, coronoid, and 
radial—the synovial membrane is separated from 
the fibrous capsule by pads of fat which slide into 
the fossae when the bony processes are withdrawn 
during flexion and extension [Fig. 9.3]. The syno- 
vial membrane of the elbow joint is continuous 
with that of the proximal radio-ulnar joint on the 
lateral side. 

The nerve supply of the joint is from all the 
adjacent nerves—median, ulnar, radial, posterior 
interosseous, and musculocutaneous. 


Interosseous 


membrane Radius 


DISSECTION 9.2 Interior of the elbow joint 
Objective 


|. To study the interior of the elbow joint. 


Instructions 


1. Make transverse incisions through the anterior 
and posterior parts of the fibrous capsule, and ex- 
amine the synovial membrane. 


Movements at the elbow joint 


The elbow joint is essentially a hinge joint, the main 
movements of which are flexion and extension. (The 
movements at the elbow joint are distinct from 
those which take place at the proximal radio-ulnar 
joint.) In full flexion, the forearm bones lie parallel 
to the humerus. In full extension, the ulna is angled 
laterally, so that the supinated forearm bones make 
an angle (‘the carrying angle’) of approximately 
165 degrees laterally with the humerus. This angu- 
lation of the ulna is obscured in pronation when 
the arm and forearm lie in the same straight line 
and the radius and ulna cross each other. In addi- 
tion to being a hinge joint, the humero-ulnar part 
of the elbow joint is a modified saddle joint which 
allows some slight abduction and adduction of the 
ulna. Tables 9.1 and 9.2 summarize the muscles and 
movements of the elbow joint. 
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Fig. 9.2 Medial aspect of the elbow joint. 
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Table 9.1 Muscles acting on the elbow joint 129 
Muscle Origin Insertion Action at elbow Nerve supply 
Brachialis Humerus, anterior surface, Ulna, coronoid process Flexion Musculocutaneous 
distal half 
Biceps brachii Scapula, coracoid process, Radius, tuberosity Flexion Musculocutaneous 
supraglenoid tubercle 
Brachioradialis Humerus, lateral Radius, base of styloid Flexion Radial 
supracondylar line process 
Extensor carpi Humerus, lateral Second metacarpal Flexion Radial 
radialis longus supracondylar line 
Triceps Scapula, infraglenoid tubercle Ulna, olecranon Extension Radial 


long head. Humerus, posterior 
surface. Above groove for 
radial nerve lateral head, 
below groove medial head 


Anconeus Humerus, lateral epicondyle Ulna, lateral surface, Holds ulna to humerus Radial 
proximal one-third Abduction of ulna 
Pronator teres Humerus, medial Radius, lateral surface Flexion—minor role Median 


supracondylar line and 
medial epicondyle 


Table 9.2 Movements at the elbow joint 





Movement Muscles Nerve supply 

Flexion Biceps brachii Musculocutaneous 
Brachialis Musculocutaneous 
Brachioradialis Radial 
Extensor carpi radialis longus | Radial 
Flexor carpi radialis Median 
Pronator teres Median 

‘Extension 0 Trieeps Radial 
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Dissection 9.3 begins the dissection of the wrist. 

The radiocarpal or wrist joint consists of 
the articulation between the convex surface of 
the scaphoid, lunate, and triquetrum, with the 
concave distal surfaces of the radius and the tri- 
angular articular disc. The triangular articular 
disc joins the medial edge of the articular surface 
of the radius to the styloid process of the ulna 
[Fig. 9.4]. It separates the ulna from the joint. In 
the resting position of the hand, only the scaph- 
oid and lateral part of the lunate articulate with 
the two shallow fossae on the distal surface of the 
radius. The remainder of the lunate is in contact 
with the articular disc [Fig. 9.4]. The direction of 
the radiocarpal joint is oblique—the lateral and 
dorsal margins of the radius extend further dis- 
tally than the other margins. This reduces the 
likelihood of posterior dislocation of any of the 
carpal bones. 


Fibrous capsule of the wrist joint 


The fibrous capsule passes from the margins of 
the distal ends of the radius and ulna and the 
margins of the articular disc to the scaphoid, 
lunate, and triquetrum. Medially and laterally, 
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DISSECTION 9.3 Wrist joint-1 
Objective 


|. To study the fibrous capsule of the wrist joint. 


Instructions 


1. Remove the remains of the thenar and hypothe- 
nar muscles from their proximal attachments, and 
separate the flexor and extensor retinacula from 
the bones. 


2. Reflect the flexor and extensor tendons distally. 


slightly thickened portions of the fibrous capsule 
pass from the styloid processes of the radius and 
ulna to the scaphoid and triquetrum. These are 
the radial and ulnar collateral ligaments. 
The anterior and posterior parts of the fibrous 
capsule contain fibres which pass obliquely 
downwards and medially. The synovial mem- 
brane, which lines the fibrous capsule and covers 
the interosseous ligaments of the carpals, may 
be continuous with that of the distal radio-ulnar 
joint through a defect in the triangular disc. The 
nerve supply is through the anterior and poste- 
rior interosseous nerves and the dorsal branch of 
the ulnar nerve. 
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(B) 


Fig. 9.4 Coronal section through the radiocarpal, intercarpal, carpometacarpal, and intermetacarpal joints to show joint cavities and 


interosseous ligaments. (A) Schematic drawing. (B) MRI. 
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Fully adducted 


Fig. 9.5 Bones of the hand in partially abducted (left) and fully adducted (right) positions of the wrist. In the partially abducted position, 
the scaphoid articulates with the radius, and the lunate with the articular disc on the ulna. In adduction, the carpal bones slide laterally; 
the lunate comes into contact with the radius, and the triquetrum with the articular disc. The distal row of carpal bones slides in the con- 
cavity of the proximal row. C = capitate; H = hamate; L = lunate; P = pisiform; S = scaphoid; T = trapezium; TQ = triquetrum. 


Movements at the wrist joint 


The ellipsoid wrist joint has a long radius of cur- 
vature transversely which permits abduction and 
adduction, and a short radius of curvature antero- 
posteriorly which permits flexion and extension. 
All these movements are supplemented by similar 
movements at the intercarpal joints [Fig. 9.5]. In 
adduction, the carpal bones slide laterally, the lunate 
passing further on to the radius, while the triquetrum 
comes into contact with the triangular disc. 

Because of the two different curvatures of the 
joint, rotation is not possible. The carpal bones 
move with the radius in pronation and supination. 
Thus, the movement of adduction when the hand 
is pronated deviates the hand laterally, but still to- 
wards the ulna which is now lateral to the radius 
in the distal forearm. For this reason, adduction is 
commonly called ‘ulnar deviation’, and abduction 
‘radial deviation’. 


DISSECTION 9.4 Wrist joint-2 
Objective 


|. To study the interior of the wrist joint. 


Instructions 


1. Divide the anterior, medial, and lateral ligaments 
by a transverse incision across the front of the 
joint. 

2. Bend the hand backwards, and expose the articu- 
lar surfaces. 


Dissection 9.4 continues the dissection of the 
wrist. 

Tables 9.3 and 9.4 summarize the muscles and 
movements of the wrist joint. 


The joints of the upper limb 


Table 9.3 Muscles acting on the wrist joint 


Mehta [= Origin Insertion a EAn AE Nerve supply 

Flexor carpi radialis Humerus, medial epicondyle Second and third metacarpal Flexion, abduction Median 
bases 

Flexor carpi ulnaris Humerus, medial epicondyle Pisiform (hamate and fifth Flexion, adduction Ulnar 

Ulna, subcutaneous border metacarpal) 

Extensor carpi radialis Humerus, lateral supracondylar Second metacarpal base Extension, abduction Radial 

longus line 

Extensor carpi radialis Humerus, lateral epicondyle Second and third metacarpal Extension, abduction Radial* 

brevis bases 

Extensor carpi ulnaris Humerus, lateral epicondyle Fifth metacarpal base Extension, adduction Radial* 


Ulna, posterior border 


Extensor digitorum Humerus, lateral epicondyle Extensor expansions of fingers Extension, prevented Radial* 
by radial and ulnar 
flexors of carpus 


Extensor digiti minimi Humerus, lateral epicondyle Extensor expansion fifth digit Radial* 

Extensor pollicis longus Ulna, middle third dorsal surface Thumb distal phalanx Radial* 

Extensor indicis Ulna, distal to extensor pollicis Second digit extensor Radial* 
longus expansion 

Flexor digitorum Ulna, proximal three-fourths, Fingers terminal phalanges Flexion, prevented Median* 

profundus anterior and medial surfaces by radial and ulnar and ulnar 


extensors of carpus 


Flexor digitorum Humerus, medial epicondyle Fingers middle phalanges Median 
superficialis Ulna, coronoid process 
Radius anterior border 
Flexor pollicis longus Radius, anterior surface middle Thumb distal phalanx Median* 
two-quarters 


* Posterior interosseous branch. 


Note: Long flexors and extensors of the digits do not bring about flexion or extension of the wrist. This is because flexion is prevented by radial and ulnar extensors of the 
wrist; and extension is prevented by radial and ulnar flexors of the wrist. 


Table 9.4 Movements at the wrist joint 


Movement Muscles Nerve supply 
Flexion Flexor carpi ulnaris Ulnar 
Flexor carpi radialis = Median 
Flexor digitorum profundus Median* and ulnar 
Flexor digitorum superficialis == Median 
Flexor pollicis longus Median® 
Palmaris longus Median 
‘Extension Extensor carpi ulnaris Radia 
Extensor carpi radialis longus and brevis Radial 
Extensor digitorum Radiat 
Extensor digiti minimi Radiat 
Extensor pollicis longus Radia 
Extensor indicis Radiat 
‘Abduction Extensor carpi radialis longus and brevis Radial 
Flexor carpi radialis Median 
Abductor pollicis longus Radia 
‘Adduction Flexor carpi ulnaris Ulnar 
Extensor carpi ulnaris Radiat 


* Anterior or posterior interosseous branch. 





Radio-ulnar joints 


Proximal radio-ulnar joint 


This joint is between the side of the cylindrical 
head of the radius and the radial notch of the ulna. 
It is strengthened by the annular and quadrate 
ligaments. 


Annular ligament of the radius 


The annular ligament is a strong, fibrous collar 
which encircles the head of the radius and retains 
it in contact with the radial notch on the ulna 
[Fig. 9.6]. It is attached to the anterior and posteri- 
or margins of the radial notch. It is slightly conical 
and is loosely attached to the neck of the radius. 
Thus, the head of the radius is free to turn within 
the ligament but cannot be pulled down out of it. 
Proximally, the annular ligament is continuous 
with, and strengthened by, the lateral and anterior 
ligaments of the elbow joint [Fig. 9.1]. The weak 
quadrate ligament passes between the neck 
of the radius and the lower margin of the radial 
notch of the ulna. 


Synovial membrane 


The synovial membrane of the proximal radio- 
ulnar joint is continuous with that of the elbow 
joint. It lines the deep surface of the annular liga- 
ment and is reflected upwards from its distal mar- 
gin to surround the intracapsular part of the neck 
of the radius. 
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Fig. 9.6 Annular ligament of the radius and proximal articular 
surfaces of the ulna. 


Distal radio-ulnar joint 


At the distal radio-ulnar joint, the head of the ulna 
articulates with the ulnar notch of the radius. The 
bones are held together by the articular disc of the 
wrist joint, the interosseous membrane, and a weak 
fibrous capsule. 


Articular disc 


The triangular, fibrocartilaginous articular disc is 
the main structure holding the distal ends of the 
radius and ulna together [Fig. 9.4]. The base of 
the triangular disc is attached to the distal margin 
of the ulnar notch of the radius. The apex is 
attached to a depression at the root of the ulnar 
styloid process. The disc covers the distal end of 
the ulna and separates it from the carpal bones. It 
also separates the distal radio-ulnar joint from the 
wrist joint. Occasionally, the disc is perforated, and 
the cavities of the two joints are continuous. 


Fibrous capsule of the distal 
radio-ulnar joint 


The fibrous capsule of the distal radio-ulnar joint 
consists of lax fibres passing between the anterior 
and posterior borders of the disc and the adjacent 
surfaces of the radius and ulna. Between these 
bones, the capsule extends proximally to the distal 
border of the interosseous membrane enclosing a 
prolongation of the joint cavity. 


Synovial membrane of the distal 
radio-ulnar joint 

The synovial membrane of the distal radio-ulnar 
joint lines the fibrous capsule and the proximal 
surface of the articular disc. 


Dissection 9.5 describes the dissection of the 
interosseous membrane. 


DISSECTION 9.5 Interosseous membrane 
Objective 


|. To study the interosseous membrane. 


Instructions 


|. Expose the interosseous membrane by removing 
the muscles from the back or front of the forearm. 
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Interosseous membrane of the forearm 


This fibrous sheet stretches between the interos- 
seous borders of the radius and ulna and holds 
these bones together, while allowing movements 
to take place between them. It begins 2-3 cm 
distal to the tuberosity of the radius and blends 
distally with the capsule of the distal radio- 
ulnar joint. The fibres run downwards and medi- 
ally from the radius to the ulna. Forces applied 
to the radius from the hand (as in a fall on the 
outstretched arm) are transmitted to the ulna 
through the interosseous membrane. Such forces 
are then transferred to the humerus at the elbow 
joint. 

The posterior interosseous vessels pass back 
between the radius and ulna, proximal to the in- 
terosseous membrane. The anterior interosseous 
vessels pierce the membrane, 5 cm from its distal 
end. The membrane increases the area of origin 
for the deep flexor and extensor muscles of the 
forearm. 

Dissection 9.6 explores the superior and inferior 
radio-ulnar joints. 


Movements at the radio-ulnar joints 


The movements taking place at the radio-ulnar 
joints are supination and pronation [Fig. 9.7]. 
When the limb is supine, the thumb is directed lat- 
erally, and the radius and ulna lie parallel to each 
other. When the limb is prone, the thumb and sty- 
loid process of the radius lie on the medial side; 
the posterior surfaces of the radius and hand face 
anteriorly, and the body of the radius lies obliquely 


DISSECTION 9.6 Superior and inferior 
radio-ulnar joints 


Objective 


|. To study the interior of the superior and inferior 
radio-ulnar joints. 


Instructions 


|. Cut through the annular ligament, and divide the 
interosseous membrane from above downwards. 


2. Open the capsule of the distal radio-ulnar joint, 
and draw the radius laterally to expose the con- 
nections of the articular capsule and disc. 









fy El J ( EN 
( J SJ | 
i | 
W / it J 
\ Mes / mn / 
< L r 7 ; 
Styloid process G HA > A Styloid process 
ius > : of radius 
of radius eS Styloid process 
of ulna 


Ñ 
| 
| 
| 


| 


\ 


i 


| 

| | 

i| 
t\ 





| 
j 
Head of aude 


d Head of radius | 
| 


J kU 


Fig. 9.7 Left forearm and hand bones in the supine (left) and 
semi-prone (right) positions. Note that the ulna remains stationary 
and the distal end of the radius rotates around it, carrying the 
hand. 


Radial tuberosity Ay 


across the anterior surface of the ulna. In prona- 
tion, the radius rotates around an axis that passes 
through the centre of the head of the radius and 
the head of the ulna. The head of the radius rotates 
in the annular ligament, while the distal end turns 
around the stationary ulna, carrying the hand and 
articular disc with it. As described above, the ulna 
remains stationary, and the little finger rotates 
around its own axis. However, pronation and su- 
pination can be carried out around the axis of any 
one of the fingers. 


Pronation 


Pronation is produced by muscles on the anterior 
surface of the forearm which run from medial to 
lateral—pronator teres, pronator quadratus, and 
flexor carpi radialis. The pronator teres has the 
maximum mechanical advantage, because it is in- 
serted into the point of maximum lateral convexity 
of the radius. 


Supination 


The biceps brachii is a powerful supinator. Its ten- 
don turns round the medial side of the radius into 


Table 9.5 Muscles acting on the radio-ulnar joint 





Muscle 


Pronator teres 


Humerus, medial 
epicondyle and medial 
supracondylar line 


Ulna, anterior surface, 
distal one-fourth 


Humerus, medial 
epicondyle 


Humerus, lateral 
epicondyle. Ulna, 
supinator crest 


Scapula, coracoid 


Insertion 


Radius, lateral surface, 
middle of body 


Radius, anterior surface, 
distal one-fourth 


Second and third 
metacarpal bases 


Radius, posterior lateral 
and anterior surfaces of 
proximal third 


Action on radio-ulnar joint Nerve supply 
Pronation Median 
Pronation. Holds radius Median* 

to ulna 

Pronation Median 
Supination Radial 


Supination (with elbow 


process. Scapula, 
supraglenoid tubercle 


Radius, distal end, lateral 


Humerus, lateral 


supracondylar line surface 


* Anterior interosseous branch. 


the posterior aspect of the radial tuberosity. Thus, it 
rotates the radius laterally on contraction. Muscles 
which pass from medial to lateral on the posterior 
aspect of the forearm also produce supination— 
supinator and abductor pollicis longus. The bra- 
chioradialis can help to start supination of the fully 
pronated forearm. 

With the elbow extended, the range of pronation 
and supination is apparently increased by the add- 
ed rotation of the humerus. For this reason, clinical 
tests for the range of movements at the radio-ulnar 
joints are always carried out with the elbow flexed 
at right angles—the position in which the biceps 
has its maximum supinating power. Tables 9.5 and 
9.6 summarize the muscles and movements of the 
radio-ulnar joint. 


Table 9.6 Movements at the radio-ulnar joint 


Movement Muscles Nerve supply 
Pronation Pronator teres Median 
Pronator quadratus Median 
Flexor carpiradialis Median 
“Supination Supinator Radial 
Biceps brachii Musculocutaneous _ 


* Anterior interosseous branch. 


flexion) 


Supination from 
pronation to mid 
position 


Intercarpal, carpometacarpal, and 





intermetacarpal joints 


There are three separate joint cavities within this 
complex of articulations between the carpals and 
metacarpals: (1) the main joint complex; (2) the 
pisiform (intercarpal) joint; and (3) the carpometa- 
carpal joint of the thumb. 


The main joint complex 


This is a large single complex joint in which the 
cavity and synovial membrane are common to the 
articulations of the carpal bones with each other 
(intercarpal joints), with the medial four metacar- 
pal bones (carpometacarpal joint), and the bases of 
these metacarpals with each other (intermetacarpal 
joints) [Fig. 9.4]. The common fibrous capsule unites 
the exposed surfaces of all these bones. This inter- 
carpal joint capsule is continuous proximally with 
the capsule of the wrist joint (though their cavities 
are separate) and forms three strong intermetacarpal 
ligaments which limit the cavity distally. 

In addition to the intermetacarpal ligaments, in- 
terosseous ligaments unite each row of carpal 
bones. The ligaments between the proximal parts 
of the scaphoid, lunate, and triquetrum bones 
complete the distal articular surface of the wrist 
joint and separate its cavity from that of the in- 
tercarpal joints. Less regular ligaments unite the 
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distal row of carpal bones and allow continuity of 
the intercarpal and carpometacarpal joint cavities 
around them. 


Articular surfaces and movements 


In each row, the carpal bones articulate with each 
other by flat surfaces which allow little movement 
but give some resilience. The joint between the 
proximal and distal rows is deeply concavo-convex. 
The capitate and hamate fit into the concavity 
of the proximal row, and the concave surfaces of 
the trapezium and trapezoid fit the convex distal 
surface of the scaphoid [Figs. 9.4, 9.8A and B]. 


Intercarpal joints 


The main movements possible at the intercarpal 
joints are flexion and extension. The distal row also 
moves on the proximal row around an anteropos- 
terior axis through the centre of the capitate, pro- 
ducing some abduction and adduction [Fig. 9.5]. 
Thus, the transverse intercarpal joint increases the 
range of movements at the wrist joint and the resil- 
ience of the region. 


Pisiform joint 


This is a small, flat area where the pisiform artic- 
ulates with the palmar surface of the triquetrum. 


Triquetrum 


Distal epiphysis 
of ulna 


(A) a6 





The pisiform is held in position against the pull of 
the flexor carpi ulnaris by the pisohamate and 
pisometacarpal ligaments. The joint allows 
the pisiform to maintain correct alignment during 
adduction and abduction of the hand. 


Medial four carpometacarpal joints 


The metacarpal bone of the index articulates 
with the trapezoid, and that of the middle finger 
with the capitate [Fig. 9.4]. Both metacarpals have 
very limited movements. Confirm this on your 
own hand. The fourth and fifth metacarpals articu- 
late with the hamate. Note that the metacarpal of 
the ring finger has considerable movement, while 
that of the little finger is the most mobile. The car- 
pometacarpal joints of the ring and little fingers 
are flexed when the fist is clenched or the palm 
‘cupped’, and the fifth has slight lateral rotation 
produced by the opponens digiti minimi. 


Carpometacarpal joint of the thumb 


The first metacarpophalangeal joint is separate 
from the rest. This is a saddle-shaped joint with 
a loose capsule which permits the wide range of 
movements of the first metacarpal on the trapezi- 
um. The thumb lies anterior to the other digits and 
is rotated, so that its nail faces laterally. Movements 


Lunate 


Scaphoid 


Distal epiphysis 
of radius 





(B) 


Fig. 9.8 (A) Anteroposterior radiograph of the wrist of a 12-year-old child. (B) Magnetic resonance imaging of the lower end of the 


forearm and wrist. See Fig. 9.4B for labels. 


of the thumb are thus at right angles to those of the 
fingers and occur principally at this joint. The first 
metacarpal may be moved laterally (extension) or 
medially (flexion) or anteriorly (abduction) or pos- 
teriorly (adduction). When the thumb is adducted, 
the range of flexion and extension is small; when 
abducted, the range is greatly increased. The meta- 
carpal then moves on an arc of a circle, so that it is 
medially rotated in flexion and laterally rotated in 
extension. This movement of flexion with medial 
rotation of the abducted metacarpal of the thumb 
is known as opposition, for it opposes the palmar 
surface of the thumb to those of the fingers. It is 
essential in holding or grasping objects and makes 
the thumb functionally one-half of the hand. 


Intermetacarpal joints 


These permit slight movement between the bases 
of the metacarpals. 


Nerve supply 


The nerve supply of these joints is from the ante- 
rior and posterior interosseous nerves, the dorsal 
and deep branches of the ulnar nerve, and the su- 
perficial branch of the radial nerve. 

The wrist, intercarpal, and intermetacarpal joints 
are visualized in the living by X-rays and magnetic 
resonance imaging. Study Figs. 9.8A and B, and 
compare them with Fig. 9.4. 


Metacarpophalangeal joints 





These are condyloid joints in which the convex 
head of the metacarpal fits into the shallow fossa 
on the base of the proximal phalanx [Fig. 9.9]. In 
the thumb, the metacarpal surface is flatter and less 
extensive than in the other metacarpals, for the 
range of movements is smaller in the thumb. 


Fibrous capsules of 
metacarpophalangeal joints 


The fibrous capsule is thickened anteriorly to form 
the palmar ligament, and on each side to form a 
collateral ligament. On the dorsal surface, it is re- 
placed by the extensor expansion, a mechanism 
which allows for full range of flexion with continu- 
ous support for the dorsal surfaces of the joints. 
The collateral ligaments are strong, oblique 
bands which extend from the dorsal surface of the 
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Fig. 9.9 Phalanges of a finger, palmar view. By comparison, in the 
foot, the base of the proximal phalanx is large, and the bodies are 
much thinner. 


metacarpal heads to the sides of the base of the 
proximal phalanx anteriorly [see Fig. 8.15]. 

The palmar ligament is a thick, fibrous plate 
attached firmly to the base of the proximal pha- 
lanx, but loosely to the neck of the metacarpal. Its 
position varies with movements of the metacarpo- 
phalangeal joint. In full flexion, the plate lies on 
the palmar surface of the body of the metacarpus. 
It moves on to the palmar surface of the head when 
the joint is straightened and on to its distal surface 
in full extension. In the medial four digits, the mar- 
gins of the palmar plate give attachment to the: 
(1) deep transverse metacarpal ligaments; 
(2) fibrous flexor sheath; (3) slips of the pal- 
mar aponeurosis; (4) collateral ligaments; 
and (5S) transverse fibres of the extensor expan- 
sion. Thus, the palmar aponeurosis and the trans- 
verse fibres of the extensor expansion are tightened 
when the plate is drawn on to the distal aspect of 
the metacarpal head in full extension. This holds 
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the extensor digitorum tendon in place and pre- 
vents it from extending the interphalangeal joints 
when the metacarpophalangeal joint is extended. 
When the metacarpophalangeal joints are straight 
or flexed, the extensor digitorum can extend the 
interphalangeal joints. 


Sesamoid bones 


A small, oval sesamoid bone is buried on each side 
of the palmar ligament of the metacarpophalan- 
geal joint of the thumb, where the tendons of the 
adductor pollicis and flexor pollicis brevis fuse 
with the ligament. Each bone articulates with the 
corresponding surface of the head of the metacar- 
pal. The tendon of the flexor pollicis longus lies 
in the groove between them. Smaller sesamoid 
bones may be found in the palmar ligaments of 
the other joints, particularly in the index and lit- 
tle fingers. 


Movements at metacarpophalangeal 
joints 

Based on the shape of the joint surfaces, flexion, 
extension, abduction, and adduction take place at 
the metacarpophalangeal joint. (Some amount of 
passive rotation is possible, but no voluntary rota- 
tion.) Abduction and adduction movements of the 
fingers are possible when the joint is extended and 
the collateral ligaments are relaxed. These move- 
ments are severely restricted in flexion because of 
the tightening of the collateral ligaments. Because 
the metacarpals are arranged in an arc convex dor- 
sally, the fingers converge on flexion and diverge 
on extension. 

In precision movements, flexion of the meta- 
carpophalangeal joints of the medial four digits is 
produced mainly by the interossei and lumbricals. 
Extension of these joints is produced by the exten- 
sor digitorum and by the extensor indicis and ex- 
tensor digiti minimi in the index and little fingers. 
The extensors of the index and little fingers permit 
isolated extension of the index and little fingers 
when the middle and ring fingers are flexed at the 
metacarpophalangeal joints. 

In the metacarpophalangeal joint of the 
thumb, the range of movements is much less in 
all directions. (A wide range of movements occurs 
at the carpometacarpal joint of the thumb.) Flex- 
ion is produced by the flexor pollicis brevis and 
longus, abduction and adduction by the short 


abductor, adductor, and first palmar interossei, 
and extension by the long and short extensor 
muscles. 





Interphalangeal joints 


The interphalangeal joints have the same arrange- 
ment as the metacarpophalangeal joints, except 
that the articular surfaces only permit a hinge-like 
movement of flexion and extension (no abduction 
and adduction) [Fig. 9.9]. 

The flexor digitorum profundus flexes all the 
joints of the fingers. The flexor superficialis acts 
only on the proximal interphalangeal and metacar- 
pophalangealjoints. Extension attheinterphalangeal 
joints is produced by the long extensors of the digits 
and also by the interosseous and lumbrical muscles 
acting through the extensor expansion. When the 
metacarpophalangeal joints of the fingers are fully 
extended, the long extensors are unable to act on the 
interphalangeal joints (see above) which can then 
only be extended by the lumbricals and interossei. 
The lumbricals and interossei also flex the meta- 
carpophalangeal joints. 5 When the lumbricals and 
interossei are paralysed, the long extensor muscles 
produce full extension of the metacarpophalangeal 
joint, and the long flexor muscles of the fingers act 
unopposed to flex the interphalangeal joints and 
produce the ‘claw hand’ which is characteristic of 
this paralysis. 

In the thumb, the single interphalangeal joint is 
acted upon by the flexor and extensor pollicis lon- 
gus, and sometimes by the extensor pollicis brevis. 
The abductor pollicis brevis (supplied by the medi- 
an nerve) may be partly inserted into the extensor 
expansion and able to produce extension. © Thus, 
some extension of the interphalangeal joint of the 
thumb may still be possible when all the extensor 
muscles of the thumb are paralysed by destruction 
of the radial nerve. 

The muscles acting on, and the movements of, the 
fingers and thumb are summarized in Tables 9.7, 
9.8,9.9, and 9.10. In these tables, the following ab- 
breviations are used: CM = carpometacarpal joint; 
DIP = distal interphalangeal joint; IP = interphalan- 
geal joint; MP = metacarpophalangeal joint; PIP = 
proximal interphalangeal joint. 

See Clinical Application 9.1 for a discussion of 
the condition known as claw hand. 


Table 9.7 Muscles acting on the fingers 


Mekal [= 
Flexor digitorum 
superficialis 


Flexor digitorum 
profundus 


Origin 


Humerus, medial epicondyle. 


Radius anterior border 


Ulna, proximal two-thirds, 
anterior and medial surfaces 


Insertion 


Middle phalanges 


Distal phalanges 


profundus 


Tendons of flexor digitorum 


Middle and distal phalanges 
via extensor expansion 


Adjacent sides, 
metacarpals 1-5 


Corresponding proximal 
phalanx, base through 
extensor expansion 


Metacarpals, medial side 1 
and 2, lateral side 4 and 5 


Corresponding proximal 
phalanx, base through 
extensor expansion 


Abductor digiti 
minimi 


Proximal phalanx, base 
medial side 


Hamate, hook. Flexor 
retinaculum 


Proximal phalanx, base 
medial side 


Opponens digiti 
minimi 


Extensor digiti 
minimi 


Action on fingers Nerve supply 

Flexion, MP, and PIP Median 

Flexion, all joints Median* 
and ulnar 

Flexion MP, extension IP Median and 
ulnar 

Extends all joints all fingers. Radial* 

If MP fully extended, IP not 

extended 

Abduction of MP of index, Ulnar 

middle, and ring fingers. 

Extension IP 

Adduction of MP of thumb, Ulnar 

index, ring, and little fingers. 

Extension IP 

Abduction MP (and CM) little Ulnar 

finger 

Flexion CM and MP Ulnar 

Lateral rotation of Ulnar 

metacarpal. Flexion CM 

Extension all joints index finger Radial* 

Extension all joints little Radial* 


finger. Abduction MP 


* Anterior or posterior interosseous branch. 


Table 9.8 Movements of fingers 


Movement Muscles Nerve supply 
Flexion 
i. lee Cao. Median® (indexand middie) 
All joints: MP, PIP, DIP Ulnar (ring and little) 
‘MPandPIP Flexor digitorum superficialis Mediaa 
MPony Lumbricals Median (index and middle) 
 Lumbricals Ulnar (ring and little) = 
‘Interossei Ulnar 
CM and MP little finger = Flexor digiti minimi = Ulnar 
CM only, little finger Opponens digiti minimi = Ulnar 
Extension 
All fingers Extensor digitorum Radiat 
All joints: MP, PIP, DIP 
Index: MP, PIP, DIP Extensor indicis Radiat 
Little finger: MP, PIP, DIP] Extensor digiti minimi = Radiat 


Median (index and middle) 
Ulnar (ring and little) 


(Continued) 
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Table 9.8 Movements of fingers (Continued) 


Movement Muscles Nerve supply 

All fingers, except little finger Dorsal interossei Ulnar 
‘Littlefinge Abductor digiti minimi Ulnar 
 Adductionat MP 
-All fingers, except middle Palmar interossei Ulnar 
“Opposition at CM oflittle finger Opponens digiti minimi Ulnar 


* Anterior or posterior interosseous branch. 


Table 9.9 Muscles acting on the thumb 


Muscle Origin Insertion Action on thumb Nerve supply 
Flexor pollicis longus Radius, anterior surface Distal phalanx, base Flexion all joints Median* 
middle two-quarters 
Flexor pollicis brevis Trapezium, tubercle. Proximal phalanx, base Flexion CM and MP Median 
Flexor retinaculum 
Abductor pollicis brevis Scaphoid, tubercle. Flexor Anterior aspect Abduction CM and MP Median 
retinaculum 
Opponens pollicis Trapezium, tubercle. Flexor Metacarpal, anterior Medial rotation and Median 
retinaculum surface flexion of CM 
Abductor pollicis longus Radius and ulna, dorsal Metacarpal base, anterior Abduction of CM, Radial* 
surfaces distal to supinator aspect some extension 
First palmar interosseous First metacarpal, base Proximal phalanx base Adduction of MP Ulnar 
Adductor pollicis Metacarpal, base of 2 and 3, Proximal phalanx base Adduction CM and MP Ulnar 
body of 3 posterior aspect 
Extensor pollicis longus Ulna, posterior surface Distal phalanx Extension all joints, Radial* 
middle third especially with CM 
laterally rotated 
Extensor pollicis brevis Radius, posterior surface Proximal (and distal) Extension of CM, MP Radial* 
phalanx base (and IP), especially 


when thumb opposed 


* Anterior or posterior interosseous branch. 


Table 9.10 Movements of the thumb 


Movement Muscles Nerve supply 

Flexion 
Alijoints Flexor pollicis longus Median* 
CMandMP Flexor pollicis brevis Median 
CMony Opponens pollicis Median 
Extension 
Alijoints Extensor pollicis longus Radiat 
‘CMandMP(IP) Extensor pollicis brevis Radiat 
CMony Abductor pollicislongus Radiat 
‘Pony  ——————————— bductor pollicisbrevis Median 
Abduction 
CMony Abductor pollicislongs Radial 


CM and MP Abductor pollicis brevis Median 


Table 9.10 Movements of the thumb (Continued) 


Movement Muscles Nerve supply 
Adduction 
CMandMP o Adduđtorpolliās Ulnar 
MPony First palmar interosseous Ulnar 
“Opposition 
Medial rotation, CM Opponens pollicis =” Median 


* Anterior or posterior interosseous branch. 


CLINICAL APPLICATION 9.1 Ulnar claw 


Claw hand is an abnormal hand position that develops 
due to damage of the ulnar and/or median nerves. The 
affected fingers are hyperextended at the metacarpo- 
phalangeal joints, and flexed at the distal and proximal 
interphalangeal joints. The primary cause of this deform- 
ity is the paralysis of the lumbricals and interossei which 
normally flex the metacarpophalangeal joint and extend 
the interphalangeal joints. When they are paralysed, the 
extensor action of the long extensors on the metacar- 
pophalangeal joint and the flexor action of the long flex- 
ors on the interphalangeal joint are unopposed. Patients 
with a claw hand will be unable to abduct and adduct 
their fingers (due to paralysis of the interossei). 

An ulnar claw results from a lesion in the ulnar nerve in 
the hand. The third and fourth lumbricals are paralysed, 
resulting in clawing of the fourth and fifth fingers. As the 
ulnar nerve also supplies the interossei, they too are par- 
alysed. The lumbricals of the index and middle fingers 


are not affected, and clawing of these fingers is not seen 
(even though the interossei are paralysed). 

A paradoxical condition is seen when the ulnar nerve 
is damaged at the elbow. The effects of the lumbrical 
paralysis are unchanged. But because, in this condition, 
the medial half of the flexor digitorum profundus is also 
denervated, flexion of the interphalangeal joints of the 
ring and little fingers is weak. The claw-like appearance 
of the hand is reduced (and not worsened, as one would 
expect from a higher-level injury). As reinnervation and 
healing occur along the ulnar nerve after a high lesion, 
the claw hand deformity will get worse as the patient 
recovers. Claw hand can be demonstrated in yourself. 
Fully extend your fingers at all joints, and note the taut 
extensor tendons on the back of your hand. Keeping the 
metacarpophalangeal joints fully extended, flex your in- 
terphalangeal joints, and note that this can be done with- 
out any movement of the extensor tendons. 
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CHAPTER 10 


The nerves of the upper limb 


Introduction 





An upper limb neurological examination 
is part of general neurological examination and is 
used to assess the integrity of motor and sensory 
nerves which supply the upper limb. Fig. 10.1 
shows the cutaneous distribution of the main 
nerves of the upper limb. Clinical Applications 
10.1 and 10.2 at the end of this chapter will explore 
the practical application of this knowledge. 


Motor distribution 


Injury to a motor nerve will result in paralysis of 
the muscles supplied by it and an inability to move 
the joint on which the paralysed muscles act. For 
example, injury to the musculocutaneous nerve 
will paralyse the biceps brachii and brachialis, and 
make flexion of the elbow difficult or impossible. 
Clearly, if only the biceps and brachialis are para- 
lysed, some flexion of the elbow will be possible 
by other muscles such as the brachioradialis and 
pronator teres. If the only muscle moving a joint 
in a certain direction is paralysed, the loss of that 
movement will be total. For example, paralysis of 
the flexor digitorum profundus will result in total 
inability to flex the distal interphalangeal joint of 
the fingers. Where a nerve innervates muscles in 
more than one segment of the limb (shoulder, arm, 
forearm, hand), the effects of injury to the nerve 
depend on the level of injury. For example, when 
the median nerve is destroyed at the wrist, muscles 
supplied by it in the forearm are not paralysed— 
only those in the hand are. 


Fingers are simply shown by their name, e.g. 
‘index’ for ‘index finger’. CM = carpometacarpal 
joint. DIP = distal interphalangeal joint(s). IP = 
interphalangeal joints. MP = metacarpophalan- 
geal joint. PIP = proximal interphalangeal 
joint(s). 


Median nerve 


Table 10.1 shows the effects of injury on the me- 
dian nerve. (See Fig. 10.2 for an overview of the 
median nerve.) 


Ulnar nerve 


Table 10.2 shows the effects of injury on the ulnar 
nerve. (See Fig. 10.3 for an overview of the ulnar 
nerve.) 


Musculocutaneous nerve 


Table 10.3 shows the effects of injury to the muscu- 
locutaneous nerve. (See Fig. 10.4 for an overview of 
the musculocutaneous nerve.) 


Axillary nerve 


Table 10.4 shows the effects of injury to the axillary 
nerve. (See Fig. 10.5 for an overview of the axillary 
nerve.) 


Subscapular nerve 


Table 10.5 shows the effects of injury to the sub- 
scapular nerve. 


Thoracodorsal nerve 


Table 10.6 shows the effects of injury to the thora- 
codorsal nerve. 
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Fig. 10.1 Cutaneous distribution of nerves in the upper limb. 





Table 10.1 Effects of injury to the median nerve 
Joint involved 


Movement affected/deformity produced 
Effect on shoulder joint None 





Explanation for loss/weakness of movement 


None of the muscles that move the shoulder joint are 
supplied by median nerve 
Effect on elbow joint Flexion, minimal weakness 


Pronator teres and flexor carpi radialis are paralysed 
(important flexors—the biceps and brachialis are not 
supplied by the median nerve) 
Pronation lost 
Effect on wrist joint 


Flexion weakened 


Flexor carpi radialis, palmaris longus, flexor digitorum 


superficialis, flexor pollicis longus, and part of flexor 
digitorum profundus are paralysed 
Ulnar deviation 


Unopposed action of flexor carpi ulnaris (as flexor carpi 
radialis is paralysed) 


Table 10.1 Effects of injury to the median nerve (Continued) 





Joint involved Movement affected /deformity produced Explanation for loss/weakness of movement 
Effect on thumb Flexion of IP joint lost Flexor pollicis longus (only flexor) is paralysed 
movements Flexion of CM and MP joints Flexor pollicis longus is paralysed. Weak movement 
weakened brought about by adductor pollicis 
Abduction of CM joint weakened Abductor pollicis brevis is paralysed. Weak movement 
brought about by abductor pollicis longus 
Opposition lost Opponens pollicis is paralysed 
Effect on MP joints of Flexion weakened Flexor digitorum superficialis and flexor digitorum 
fingers profundus in lateral two fingers are paralysed. Weak c 
flexion brought about by interossei (all fingers), medial two 7 
lumbricals (medial two fingers), and flexor digiti minimi 5 
(little finger) 5 
Effect on PIP joints of Flexion lost Flexor digitorum superficialis and profundus are paralysed — 
tte ee een ne nnn ne nn en nnn ne nn nn nn a ne ne nt ne nn ne ne eee eee ene == O 
lateral two fingers Extension weakened Lumbricals are paralysed. Weak extension brought about 5 
by extensor digitorum and interossei 2 
Effect on PIP joints of Flexion weakened Flexor digitorum superficialis is paralysed. Weak flexion is 
medial two fingers brought about by flexor digitorum profundus 145 
Effect on DIP joints of Flexion lost Flexor digitorum profundus is paralysed 


lateral two fingers 


Effect on DIP joints of None Flexor digitorum profundus is uninvolved 
medial two fingers 


Lateral cord of brachial plexus y F- Medial cord of brachial plexus 


Median N. 


o Branches to superficial flexor 
muscles of forearm (except flexor 
carpi ulnaris) and to elbow joint 


Anterior interosseus N. 

Supplies deep flexors of forearm 
(except medial half of flexor digitorum 
profundus) and pronator quadratus 


Median N. 
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Fig. 10.2 Course and distribution of the median nerve. 


Table 10.2 Effects of injury to the ulnar nerve 





Joint involved Movement affected/deformity produced __ Explanation for loss/weakness of movement 
Effect on shoulder joint None None of the muscles that move the shoulder joint are 
supplied by ulnar nerve 
Effect on elbow joint None None of the muscles that move the elbow joint are supplied 
by ulnar nerve 
Effect on wrist joint Weakened wrist flexion Flexor carpi ulnaris and part of flexor digitorum profundus are 
= paralysed 
= Radial deviation Unopposed action of flexor carpi radialis 
a a a 
5 Effect on radio-ulnar joint None None of the muscles that move the radio-ulnar joint are 
= supplied by ulnar nerve 
O Effect on thumb None Although adductor pollicis is paralysed, long flexor and extensor 
© movement of the thumb together mimic the action of the adductor 
2 Effect on CM joints of Opposition is lost Opponens digiti minimi is paralysed 
V little finger 
WOE E a a aaia a ae e aa a e aaa a er e a aera e a a es bt 
z Effect on MP joints ofall Abduction and adduction lost All interossei and abductor digiti minimi are paralysed 


fingers (medial four digits) 


146 Effect on MP joints of Flexion weakened Flexor digitorum profundus, lumbricals, and flexor digiti 
medial two fingers minimi are paralysed. Weak flexion is brought about by 
flexor digitorum superficialis 
Effect on PIP joints of Flexion weakened Flexor digitorum profundus is paralysed. Weak flexion is 
medial two fingers brought about by flexor digitorum superficialis 
Effect on PIP joints of all Extension weakened in all fingers Interossei are paralysed. Lumbricals of medial two fingers are 
fingers paralysed 
No IP extension of ring and little if Extension possible only when extensor digitorum, extensor 
MP fully extended indicis, and extensor digiti minimi are not extending MP joint 
Effect on DIP joints of Flexion lost Flexor digitorum profundus is paralysed 


medial two fingers 


Medial cord of 
brachial plexus 


Ulnar N. 






Branches to flexor carpi 
ulnaris and medial half of 
flexor digitorum profundus 


Dorsal branch of ulnar N. 


Palmar (cutaneous) branch 
Deep branch of ulnar N. to adductor pollicis, 


Superficial branch of ulnar N. all interossei and medial two lumbricals 


to muscles of hypothenar eminence 
Digital branches 


Fig. 10.3 Course and distribution of the ulnar nerve. 


Table 10.3 Effects of injury to the musculocutaneous nerve 


Joint involved Movement affected Explanation for loss/weakness of movement 





Effect on shoulder joint Flexion weakened Coracobrachialis and short head of biceps are paralysed. Weak 
flexion brought about by deltoid and pectoralis major 


Stability in abduction lost Long head of biceps is paralysed. Some stability maintained by 
deltoid, supraspinatus, and subscapularis 


Effect on elbow joint Flexion severely weakened Biceps brachii and brachialis are paralysed. Some weak flexion is 
brought about by brachioradialis, extensor carpi radialis longus, 
pronator teres, and flexor carpi radialis 


Effect on radio-ulnar joint Supination weakened Biceps brachii paralysed. Supination is brought about by supinator 
and brachioradialis 


Lateral cord of brachial plexus 







( 


Musculocutaneous N. 


Posterior cord 
of brachial plexus 


Motor distribution 


Branch to coracobrachialis 


Axillary N. Radial N. 
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Upper lateral cutaneous N. of arm 


Branch to biceps brachii N. to long head 





N. to lateral head of triceps 


of triceps 
Nn. to medial 
: head of triceps 
a Lower lateral cutaneous N. of arm is (and anconeus) 
Branch to brachialis 


Posterior cutaneous N. of forearm ; 
Radial N. h 


N. to brachioradialis $ 
ae hn 
Lateral cutaneous N. N. to extensor carpi radialis longus tte 
of forearm f 
Deep branch of radial N. 
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’, 
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Posterior interosseous N. 
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-Extensor digitorum 
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Superficial branch of radial N. 





Digital branches. 


; ae Fig. 10.5 Course and distribution of the axillary and radial nerves. 
Fig. 10.4 Course and distribution of the musculocutaneous 


nerve. 


Table 10.4 Effects of injury to the axillary nerve 


Joint involved Movement affected Explanation for loss/weakness of movement 


Effect on shoulder joint Abduction severely weakened Teres minor and deltoid are paralysed. Weak abduction is brought 
about by supraspinatus 


Lateral rotation of humerus Teres minor is paralysed. Weak lateral rotation is brought about by 
weakened infraspinatus 


Table 10.5 Effects of injury to the subscapular nerve 


Movement affected 





Joint involved 


Explanation for loss/weakness of movement 


Effect on shoulder joint Instability and tendency for 


anterior dislocation 


Medial rotation of humerus Teres major is paralysed. Weak medial rotation is 
weakened brought about by pectoralis major and deltoid 


Subscapularis is paralysed 


Table 10.6 Effects of injury to the thoracodorsal nerve 


Joint involved Movement affected Explanation for loss/weakness of movement 


Effect on shoulder joint Medial rotation of humerus is weakened Latissimus dorsi is paralysed 


The nerves of the upper limb 


Radial nerve Suprascapular nerve 


148 Table 10.7 shows the effects of injury to the radial 


nerve. (See Fig. 10.5 for an overview of the radial 
nerve.) 


Table 10.8 shows the effects of injury to the supras- 
capular nerve. 


Table 10.7 Effects of injury to the radial nerve 


Joint involved Movement affected 


Explanation for loss/weakness of movement 





Effect on shoulder joint Minor instability of shoulder in 
abduction, with tendency for 


downward dislocation in this position 


Long head of triceps brachii is paralysed 


Effect on wrist joint 


Elbow flexion in mid-prone position 
weakened 


Extension lost at MP joint 
Extension weakened at IP joint 


Brachioradialis, extensor carpi radialis longus and brevis 
are paralysed. Weak movement is brought about by 
brachialis, biceps brachii, and pronator teres 


Extensor carpi radialis longus and brevis are paralysed. 
Weak radial deviation brought about by flexor carpi radialis 


Extensor carpi ulnaris* and extensor digitorum are 
paralysed 


Extensor carpi ulnaris* is paralysed. Weak ulnar deviation 
is brought about by flexor carpi ulnaris 


Extensor pollicis longus, extensor pollicis brevis*, and 
abductor pollicis longus* are paralysed. Weak extension 


brought about by interossei and lumbricals 


Effect on CM, MP, and IP 
joints of thumb 


* Posterior interosseous branch. 


Extensor pollicis longus and extensor pollicis brevis* are 
paralysed. Some extension is brought about by abductor 
pollicis brevis 


Abductor pollicis longus” is paralysed. Weak extension 
brought about by abductor pollicis brevis 


Table 10.8 Effects of injury to the suprascapular nerve 


Joint involved Movement affected Explanation for loss/weakness of movement 

Effect on shoulder Difficulty with initiating Supraspinatus is paralysed. Abduction brought about by deltoid (teres 

joint abduction minor and subscapularis assist deltoid by holding down humeral head) 
Lateral rotation of humerus Infraspinatus is paralysed. Some lateral rotation is brought about by 
weakened posterior fibres of deltoid and teres minor 





Joint involved Explanation for loss/weakness of movement 
Effect on shoulder Protraction of scapula weakened Serratus anterior is paralysed. Some protraction is brought about by 
girdle pectoralis major and minor 


Lateral rotation of scapula weakened Serratus anterior is paralysed. Some lateral rotation is brought about 
by trapezius 


Scapula not held against ribs—‘winged 
scapula’ 


Long thoracic nerve 


Table 10.9 shows the effects of injury to the long 
thoracic nerve. 


CLINICAL APPLICATION 


The costal element of the seventh cervical vertebra is nor- 
mally incorporated into its transverse process soon after 
birth. Rarely, it may persist and give rise to a condition 
known as ‘cervical rib. The presence of a cervical rib can 
cause a thoracic outlet syndrome due to compression of 
the lower trunk of the brachial plexus. Study question 1: 
which part/parts of the plexus supplying the upper limb 
is most likely to be affected in this condition? (Answer: 
brachial plexus—T. 1 root, and lower trunk.) 

A patient with a symptomatic cervical rib could experi- 
ence a dull, aching pain radiating down the medial side 
of the arm, forearm, and hand, with numbness in the little 
and ring fingers. Study question 2: name the nerves sup- 
plying the skin of these regions. What are they branches 


10.1 Cervical rib syndrome 


of? (Answer: (i) medial cutaneous nerve of the arm— 
medial cord of the brachial plexus; (ii) medial cutane- 
ous nerve of the forearm—medial cord of the brachial 
plexus; (iii) and (iv) superficial branch of the ulnar nerve 
and dorsal branch of the ulnar nerve—ulnar nerve.) 

On examination of the patient, there was wasting 
of all the intrinsic muscles of the hand, except the 
abductor and flexor brevis pollicis.Study question 3: 
what is the innervation of these muscles of the hand? 
(Answer: ulnar nerve.) 

Study question 4: would any forearm muscles be 
affected? If so, which ones? (Answer: yes—medial half 
of the flexor digitorum profundus and flexor carpi 
ulnaris.) 


CLINICAL APPLICATION 10.2 Motor assessment of upper limb musculature 


Motor examination of the upper limb in a patient with 
spinal cord injury provides a reliable and quick way 
to localize the level of the lesion. Five muscles of the 
upper limb, one primarily supplied by each of the five 
E T = 


rity of each spinal segment is evaluated by the ability 
of a muscle supplied by it to bring about a particular 
movement of a joint [Table 10.10]. (The strength of 
the muscle is scored on a 5-point scale not included 
here.) 


Motor distribution 
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Table 10.10 Motor assessment of upper limb musculature 





Spinal segment (myotome) Primary movement Prime muscle causing movement 
C.5 Elbow flexion Biceps brachii 
C6 Weistetenion o Extensor carpi radialis longus 
E Elbow extension Triceps 
CE Finger flexion* = Flexor digitorum profundus 
Ti | Finger abductors (little Abductor digiti minimi 
finger) 


* Distal interphalangeal joint of the middle finger. 


Reference: Standard neurological classification of spinal cord injury by American Spinal Injury Association (ASIA). 


The nerves of the upper limb 
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CHAPTER 11 


MCQs for part 2: The upper limb 


The following questions have four options. You are required to choose the most correct answer. 


1. 


The supraclavicular nerves supply the skin down to a horizontal line at the level of 151 


A. clavicle 

B. first costal cartilage 

C. second costal cartilage 
D. third costal cartilage 


The anterior axillary wall consists of the following muscles, EXCEPT 


A. pectoralis major 
B. pectoralis minor 
C. subclavius 

D. subscapularis 


The intercostobrachial nerve communicates with the 


A. medial cutaneous nerve of the arm 

B. medial cutaneous nerve of the forearm 
C. median nerve 
D. 


musculocutaneous nerve 


The inferior angle of the scapula corresponds approximately to the level of the 


A. sixth thoracic spine 

B. seventh thoracic spine 
C. eighth thoracic spine 
D. ninth thoracic spine 


Retraction of the scapula is caused by the following muscles, EXCEPT 


A. rhomboid major 

B. rhomboid minor 

C. upper fibres of the trapezius 
D. middle fibres of the trapezius 
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10. 


11. 


12. 


The nerve supply of the latissimus dorsi is by the 


A. long thoracic nerve 
B. dorsal scapular nerve 
C. suprascapular nerve 
D. thoracodorsal nerve 


The bones that can be felt in the anatomical snuffbox are all, EXCEPT 


A. styloid process of the radius 
B. scaphoid 

C. lunate 

D. trapezium 


The upper lateral cutaneous nerve of the arm arises from the 


A. musculocutaneous nerve 
B. axillary nerve 

C. radial nerve 
D. 


median nerve 


The following arteries are involved in the anastomosis around the scapula, EXCEPT 


A. suprascapular artery 

B. subscapular artery 

C. transverse cervical artery 
D. internal thoracic artery 


The axis of movement of supination and pronation passes through the centre of the 
head of the radius proximally and the 

A. centre of the head of the ulna distally 

B. styloid process of the radius distally 

C. centre of the pisiform distally 

D. hook of the hamate distally 


The structures that pass in the carpal tunnel are all, EXCEPT 


A. flexor carpi ulnaris 

B. flexor digitorum superficialis 
C. flexor digitorum profundus 
D. flexor pollicis longus 


The anterior interosseous nerve is a branch of the 


A. ulnar nerve 

B. median nerve 
C. radial nerve 
D. 


musculocutaneous nerve 


13. 


14. 


15. 


Carpal tunnel syndrome is caused due to compression of the 


A. ulnar nerve 
B. median nerve 
C. anterior cutaneous nerve 


D. posterior cutaneous nerve 


The muscle producing adduction of the wrist is 


A. flexor carpi ulnaris 
B. flexor carpi radialis 
C. extensor carpi radialis longus 
D. extensor carpi radialis brevis 


The action of lumbricals is 


A. flexion of the metacarpophalangeal joint and extension of the interphalangeal joint 

B. flexion of the metacarpophalangeal joint and flexion of the interphalangeal joint 

C. extension of the metacarpophalangeal joint and flexion of the interphalangeal joint 

D. extension of the metacarpophalangeal joint and extension of the interphalangeal joint 


Please go to the back of the book for the answers. 
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CHAPTER 12 


Introduction to the lower limb 





Introduction 


The parts of the lower limb are the hip and but- 
tock, the thigh, the leg, and the foot. 

The hip and buttock together make up what is 
called the gluteal region. This overlies the side 
and back of the pelvis, from the waist down to the 
groove (gluteal fold). It extends from the waist 
to the buttock inferiorly, and to the depression on 
the lateral side of the hip. The hip and buttock are 
not clearly distinguished from each other. The hip 
(coxa) is the upper part of the region in a lateral 
view; the buttock (natis) is the rounded bulge be- 
hind. The natal cleft is the groove between the 
buttocks. The lower part of the sacrum and coccyx 
(the end of the backbone) can be felt in the na- 
tal cleft. The perineum lies in front of the buttocks 
and continues forwards between the thighs. 

The skeleton of the hip and buttock is the hip 
bone. It consists of three parts—the ilium, ischi- 
um, and pubis. These three bones fuse together 
at the acetabulum [Fig. 12.1] where the head of 
the femur articulates with the hip bone. The ilium 
is the large upper part. It has a crest at its superior 
margin which can be felt in the lower margin of 
the waist. The ischium is the posteroinferior part 
on which the body rests when sitting. The pubis 
is the anterior part. It can be felt in the lower part 
of the anterior abdominal wall. In the midline, it 
meets its fellow of the opposite side in the pubic 
symphysis (symphysis = union)—a joint between 
the right and left pubic bones. 

The right and left hip bones, together with the 
sacrum and coccyx, make up the skeleton of the 
pelvis [Fig. 12.1]. The two hip bones together are 


sometimes called the pelvic girdle. Anteriorly, 
they articulate with each other at the pubic sym- 
physis. Posteriorly, they articulate with the sides of 
the sacrum at the two sacro-iliac joints. 

The thigh (femur) extends from the hip to the 
knee. The thigh bone femur articulates at its up- 
per end with the hip bone to form the hip joint. 
At the Knee joint, the femur articulates with the 
tibia and with the patella (kneecap). The proxi- 
mal extent of the thigh is the gluteal fold posteri- 
orly, the groove of the groin (inguinal region) 
anteriorly, the perineum medially, and the surface 
depression on the side of the hip laterally. The 
greater trochanter of the femur can be felt through 
the skin, immediately anterior to the depression. 
The ham (poples) is the lower part of the back of the 
thigh and the back of the knee. The depression on 
the back of the knee is the popliteal fossa. 

The leg (crus) extends from the knee joint to the 
ankle joint. The term ‘leg’ is never used in anatomi- 
cal descriptions to refer to the entire lower limb, as 
it frequently is in colloquial speech. The soft, fleshy 
part of the back of the leg is the calf (sura). 

The bones of the leg are the tibia, or shin bone, 
and the fibula. They lie side by side, with the slen- 
der fibula laterally. The tibia and fibula articulate 
with each other at their upper and lower ends—the 
superior and inferior tibiofibular joints. Along their 
length, they are united by the interosseous mem- 
brane. The lower ends of the tibia and fibula form 
prominences at the sides of the ankle—the medial 
and lateral malleoli which are readily felt. The 
medial and lateral malleoli hold the first bone of 
the foot (the talus) between them to form the an- 
kle joint. At the knee joint, the superior surface of 
the proximal end of the tibia is flattened to form 
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Fig. 12.1 The bony pelvis seen from the front (without the coccyx). 


the condyles which articulate with the femur. The 
proximal end of the fibula (head) does not take part 
in the knee joint. It reaches up to the inferolateral 
surface of the lateral tibial condyle. A large part of 
the tibia is subcutaneous and easily felt. 

The fibula is mainly covered by muscles which 
are attached to it, so that only its head and distal 
quarter are easily felt. 

The foot extends from the point of the heel 
to the tips of the toes. Its superior surface is the 
dorsum, its inferior surface is the sole (planta). 
The bones of the foot, from proximal to distal, 
are the tarsal bones, the metatarsals, and the pha- 
langes. The tarsal bones are in two rows. The 
proximal row consists of two large bones—the 
talus and the calcaneus, with the talus resting 
on the calcaneus. The calcaneus is the largest bone 
of the tarsus and forms the skeleton of the heel. 
The talus articulates with: (1) the superior surface 
of the calcaneus; (2) the tibia and fibula to form 
the ankle joint; and (3) the navicular distally. 
The navicular lies between the proximal and distal 
row of the tarsal bones. The navicular articulates 
proximally with the talus and distally with the 
three cuneiforms. The distal row of tarsal bones 
consists of the cuboid bone laterally, and the 
three wedge-shaped cuneiform bones (cuneus =a 
wedge)—the medial, intermediate, and lateral 
cuneiforms—medially. The cuboid articulates 
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proximally with the calcaneus and distally with the 
lateral two metatarsals. The cuneiforms articulate 
with the navicular proximally and with the medial 
three metatarsals distally. Between the tarsal bones 
are the intertarsal joints. 

The five metatarsal bones are set side by side. 
They are numbered 1 to 5 from the medial side. 
The proximal ends—the base of the metatar- 
sals—articulate with the tarsal bones at the tar- 
sometatarsal joints, and the base of the medial 
four metatarsals articulate with each other at the 
intermetatarsal joints. Each metatarsal has a head 
at the distal end which articulates with the base 
of the proximal phalanx of the corresponding toe 
at the metatarsophalangeal joint. The toes (digits) 
are numbered from the medial side. The first is 
the big toe, or hallux; the fifth is the little toe, or 
digitus minimus. The bones of the toes are the 
phalanges. The hallux has two phalanges; each 
of the other toes has three, though the middle and 
distal phalanges of the little toe may be fused to- 
gether. The proximal end of the phalanx is its base; 
the distal end is its head. The phalanges articulate 
with each other at the interphalangeal joints. 

There are several sesamoid bones in the low- 
er limb. The largest is the patella. The others are 
small and inconstant, except for two which are 
always present on the plantar surface of the meta- 
tarsophalangeal joint of the big toe. 
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The front and medial side 


of the thigh 





Introduction 


Before starting to dissect, study the surface anat- 
omy of the region on yourself or on another liv- 
ing subject, and relate this to the appropriate dried 
bones. 


Surface anatomy and bones 


The hip bone [Figs. 13.1, 13.2] is made up of 
three bones—the ilium, ischium, and pubis. 
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Fig. 13.1 Right hip bone seen from the lateral side. 










The ilium is large, flat, slightly curved, and direct- 
ed upwards. The pubis and ischium lie inferiorly, 
the pubis more anteromedially, and the ischium 
more posterolaterally. The obturator foramen 
is a large aperture in the hip bone between the 
pubis and ischium. The ilium, ischium, and pubis 
meet at a narrow, thick central part which has the 
acetabular fossa for articulation with the head 
of the femur. The pubis and ischium are fused to- 
gether by a bar of bone, inferior to the obturator 
foramen. This is the ischiopubic ramus and 
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Fig. 13.2 Right hip bone seen from the medial side. 


is formed by the union of the inferior ramus 
of the pubis and the ramus of the ischium. 
In the region of the acetabulum, the ilium fuses 
with the superior ramus of the pubis at the iliopu- 
bic eminence [Fig. 13.2], and with the ischium 
at the rough ridge on the posterior surface of the 
acetabulum. 

The greater sciatic notch is a deep, curved 
depression, or notch, on the posterior margin of 
the ilium, immediately above the acetabulum. The 
medial aspect of the ischium has a shallow lesser 
sciatic notch, separated from the greater sciatic 
notch by the spine of the ischium. Immediate- 
ly inferior to the lesser sciatic notch, the ischium 
expands to form the ischial tuberosity. 

The body of the pubis [Fig. 13.1] articulates 
with its fellow of the opposite side through a me- 
dian fibrous joint—the pubic symphysis. The 
pubic symphysis may be felt at the lower end of 
the abdominal wall. Draw your finger laterally 
from the pubic symphysis on the anterosuperior 
surface of the body of the pubis. This surface is 
the pubic crest which ends in a small, blunt 
prominence—the pubic tubercle—laterally. 
The tubercle is less easily felt in the male, because 
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it is covered by the spermatic cord. Lateral to the 
pubic tubercle, a resilient band can be felt in the 
inguinal groove between the anterior surface of 
the thigh and the abdomen. This is the ingui- 
nal ligament. On the bone, note a sharp ridge 
which curves posterolaterally on the superior ra- 
mus of the pubis from the pubic tubercle to the 
iliopubic eminence. This is the pecten pubis. 
Fibres of the inguinal ligament stretch posteri- 
orly to the pecten and form the lacunar liga- 
ment. Below and behind the pubic symphysis, 
the two inferior pubic rami diverge to form 
the pubic arch. Each inferior pubic ramus 
unites with the corresponding ramus of the 
ischium to form the ischiopubic ramus. The 
ischiopubic ramus forms the boundary between 
the thigh and perineum, and is palpable through 
its length. 

Find the iliac crest at the lower margin of the 
waist. Trace it forwards. It slopes downwards and 
slightly medially to end in a rounded knob—the 
anterior superior iliac spine. This may be 
grasped between the finger and thumb in a thin 
individual. The inguinal ligament stretches from 
this spine to the pubic tubercle. On the bone, a 


notch on the anterior margin of the ilium sepa- 
rates the anterior superior iliac spine from the ant- 
erior inferior iliac spine which lies immedi- 
ately above the acetabulum. The anterior inferior 
iliac spine has two parts—the upper for attach- 
ment of the tendon of the rectus femoris muscle, 
and the lower for attachment of the iliofemoral 
ligament of the hip joint. Trace the outer lip of the 
iliac crest posteriorly, until you feel a low promi- 
nence—the tubercle of the iliac crest. This 
is the widest part of the pelvis. Further posteriorly, 
the iliac crest turns downwards to end in the pos- 
terior superior iliac spine at the level of the 
second sacral vertebra. 

The outer gluteal surface of the ilium is marked 
by three ridges, or gluteal lines, which curve up- 
wards and forwards across it. These gluteal lines 
(posterior, anterior, and inferior) are formed by the 
attachment of the deep fascia between the gluteal 
muscles. The portion between the lines marks the 
areas of attachment of these muscles to the ilium 
[Fig. 13.1]. 

The greater trochanter of the femur can be 
palpated indistinctly, immediately in front of the 
surface depression on the side of the hip [Fig. 13.3]. 
The top of the trochanter lies at the level of the 
pubic crest. The head of the femur can be felt in- 
distinctly, even though it is deeply buried in mus- 
cles. To do this on yourself, place your finger just 
below the inguinal groove at the mid-inguinal 
point, i.e. midway between the anterior superior 
iliac spine and the pubic symphysis. Press firmly, 
and rotate your limb medially and laterally. The 
head will be felt moving behind the muscles. With 
lighter pressure, the femoral artery can be felt 
pulsating at the same spot. 

Study the main features of the femur, with refer- 
ence to Figs. 13.3 and 13.4. 

The spherical head of the femur fits into 
the acetabulum where it articulates with the 
C-shaped lunate surface. The lunate surface is 
a broad strip of articular bone at the periphery 
of the acetabulum which partially surrounds the 
central non-articular acetabular fossa. This 
fossa is continuous interiorly with the floor of 
the acetabular notch between the ends of the 
lunate surface. The acetabular notch is converted 
into a foramen by the transverse ligament of 
the acetabulum which bridges the notch and 
completes the acetabular margin. The transverse 
ligament of the acetabulum and the margin of 
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Fig. 13.3 Right femur (anterior aspect). 


the acetabular fossa give attachment to the lig- 
ament of the head of the femur. This liga- 
ment contains connective tissue and small blood 
vessels, covered by a synovial membrane and at- 
tached on the femur to the non-articular pit of 
the head of the femur. The ligament of the 
head of the femur may transmit some small blood 
vessels through foramina in the pit to the head of 
the femur. 

The head of the femur is continuous with the 
neck of the femur which joins it to the shaft. 
Two bony prominences—the greater and less- 
er trochanters—mark the junction of the 
neck with the shaft. The neck meets the shaft 
posteriorly at a prominent, rounded ridge (the 
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Fig. 13.4 Right femur (posterior aspect). 


intertrochanteric crest) which extends from 
the greater trochanter above to the lesser tro- 
Chanter below. Anteriorly, the neck meets the 
shaft in a rough intertrochanteric line which 
extends between the two trochanters. This line 
gives attachment to the powerful iliofemoral 
ligament—a thickening of the fibrous capsule of 
the hip joint. 

The neck forms an angle of approximately 
125 degrees with the body of the femur. A thick 
bar of bone in the lower part of the neck trans- 
mits compressive forces applied by the weight of 
the body on the head of the femur. The surface 
of the neck is ridged longitudinally by bundles of 
fibres (retinaculae) which are continuous with 


the fibrous capsule of the hip joint and transmit 
blood vessels to the neck. Note the foramina on 
the neck of the femur for these vessels. These ves- 
sels form the main blood supply for the head and 
neck of the femur. The greater trochanter projects 
above, and medially over, the neck posteriorly, 
and the bony depression on its medial side is the 
trochanteric fossa. 

The shaft of the femur is covered by muscles 
and cannot be felt easily. It is convex anteriorly, 
particularly in its proximal half. Most of its surface 
is smooth, except for a linear elevation (the linea 
aspera) posteriorly in its middle two-quarters. 
Superiorly and inferiorly, the medial and lateral 
lips of the linea aspera separate. Superiorly, these 
diverging lines pass on either side of the lesser tro- 
chanter and the pectineal line which descends 
from it. The continuation of the medial lip forms 
the spiral line anteriorly, and the continuation of 
the lateral lip forms the rough gluteal tuberosity 
posteriorly. The spiral line becomes continuous 
above, with the intertrochanteric line on the ante- 
rior surface of the femur. A faint bony ridge along 
the lower margin of the greater trochanter joins the 
intertrochanteric line anteriorly, with the gluteal 
tuberosity posteriorly. Inferiorly, the lips of the 
linea aspera diverge to form the medial and lateral 
supracondylar lines [Fig. 13.4]. These lines form 
the boundaries of the flattened popliteal surface 
of the femur. The lateral supracondylar line con- 
tinues down to the lateral epicondyle. The medial 
line continues to the adductor tubercle on the 
medial epicondyle of the femur but is interrupted 
where the femoral artery crosses it to become the 
popliteal artery. 

The distal end of the shaft of the femur widens 
into the medial and lateral condyles. Posteri- 
orly, the condyles are separated by a wide inter- 
condylar fossa. Anteriorly, the condyles unite 
in the grooved patellar surface. The lateral sur- 
face of this groove is wider and projects further 
forwards than the medial surface. The margin of 
the lateral surface may be felt, proximal to the 
patella, when the knee is flexed. The medial and 
lateral epicondyles are flattened, conical projec- 
tions from the surface of each condyle [Figs. 13.3, 
13.4]. Each epicondyle shows some additional 
bony features. The lateral epicondyle gives attach- 
ment to the lateral head of the muscle gastrocne- 
mius. Below the lateral epicondyle is a fossa with 
a groove running posteriorly from it. The tendon 


of the popliteus is attached to the fossa and lies 
in the groove when the knee is flexed. The poste- 
rior surface of the medial epicondyle is marked by 
the attachment of the medial head of the gastroc- 
nemius. The adductor tubercle lies superior to the 
medial epicondyle. 

Identify the condyles of the femur and their epi- 
condyles on your own knee. The condyles of the 
tibia and femur can be differentiated by the move- 
ment of the tibia when the knee is flexed and ex- 
tended. Grasp the patella, and try to move it. The 
patella is mobile when the knee is extended but be- 
comes rigid when the knee is flexed. Feel the strong 
patellar tendon (patellar ligament) which 
stretches from the patella to the tibial tuberosity 
(a blunt prominence on the front of the upper end 
of the tibia). This tendon becomes taut when the 
knee is flexed. During flexion, the patella slides on 
to the distal end of the femur, and the upper part of 
the patellar surface is exposed. 

With the knee straight, a muscular strip with 
three tendons posterior to it can be felt on the me- 
dial side of the knee, posterior to the medial epi- 
condyle. When the knee is flexed, these tendons 
project back. The muscles and tendons on the pos- 
terior medial side of the knee are the sartorius, 
gracilis, and semitendinosus. Another tendon, 
more deeply placed and less readily felt, is that of 
the semimembranosus. On the lateral side, a 
single stout tendon can be felt, posterior to the lat- 
eral epicondyle, when the knee is bent. This is the 
tendon of the biceps femoris. Trace it down to 
the head of the fibula. Anterior to this tendon 
and separated from it by a depression is a broad, 
tendon-like structure which is best felt when stand- 
ing with the knee slightly bent. This is the ilio- 
tibial tract, a strip of thickened deep fascia of the 
thigh. Through the iliotibial tract, two muscles— 
the gluteus maximus and tensor fasciae latae—are 
inserted into the lateral condyle of the tibia. 

Proximal to the medial epicondyle of the femur 
is a fleshy swelling. This is the lowest part of the 
vastus medialis muscle [Fig. 13.5]. When the 
knee is bent, a shallow groove appears, posterior 
to this part of the muscle. Press your finger into 
the groove, and feel the tendon of the adductor 
magnus muscle. Slide your finger distally on the 
tendon to the adductor tubercle where the tendon 
is attached. The fleshy swelling proximal to the 
lateral epicondyle is the lowest part of the vastus 
lateralis [Fig. 13.5]. 
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Fig. 13.5 Front of the knee, lower part of the thigh, and upper 
leg, illustrating the visible bony elevations and muscle masses. 
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Front of the thigh 





Dissection 13.1 instructs how to reflect the skin on 
the front of the thigh. 


Superficial fascia 


Close to the inguinal ligament, the superficial 
fascia of the thigh consists of a thick superficial 
layer and a deeper membranous layer which are 
continuous with the same two layers in the an- 
terior abdominal wall. The membranous layer of 
the superficial abdominal fascia (from the abdo- 
men) descends and is attached to the deep fascia of 
the thigh along a line parallel and approximately 


DISSECTION 13.1 Skin reflection 
Objective 
|. To reflect the skin on the front of the thigh. 


Instructions 


1. Make incisions 9 and 10 [Fig. 13.6] through the 
Skin. 


2. Reflect the skin from the superficial fascia, and 
turn it laterally. 
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Fig. 13.6 Landmarks and incisions. 


1 cm inferior to the inguinal ligament [Fig. 13.7]. 
At the pubic tubercle, the line of fusion extends 
downwards across the front of the body of the pu- 
bis and the margin of the inferior pubic ramus to 
the ischial tuberosity. This arrangement permits 
communication between the perineum and the 
tissue deep to the membranous layer in the ante- 
rior abdominal wall. This is the same plane that 
is invaded by fluid tracking from the perineum 
into the abdominal wall, e.g. in rupture of the 
urethra in the male. The fusion of the abdominal 
fascia to the fascia of the thigh separates the tissue 
of the anterior abdominal wall and perineum from 
the thigh [Fig. 13.7]. 
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If the abdomen is being dissected at the same 
time as the lower limb, Dissection 13.2 should be 
carried out. 

The femoral sheath is an extension of the fas- 
cia lining the abdominal cavity. It surrounds the 
upper 4 cm of the femoral artery and vein. The fem- 
oral vein lies posterior to the saphenous opening 
(a defect in the deep fascia) and the femoral artery 
lies behind its lateral margin. Medial to the vein, 
and within the sheath, is the tubular femoral 
canal, through which a femoral hernia may oc- 
cur (see Clinical Application 13.1). A hernia in this 
position lies posterior to the thin cribriform fascia 
covering the saphenous opening and can push it 
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Fig. 13.7 Diagram showing continuity of the membranous layer of the superficial fascia of the abdominal wall, perineum, and thigh. 


DISSECTION 13.2 Superficial veins 


Objectives 


|. To explore the continuity of fascial planes and spaces 
from the abdomen to the perineum and from the ab- 


domen to the lower limb. 


Il. To expose the upper part 


of the long saphenous vein and the tributaries in this 


area. 


III. To identify the superficial arteries. IV. To dem- 


onstrate the saphenous opening and cribriform fascia. 


Instructions 


i 


If the abdomen has not been dissected, make a hor- 
izontal incision through the entire thickness of the 
superficial fascia of the anterior abdominal wall from 
the anterior superior iliac spine to the midline. 


Raise the superficial fascia inferior to the cut, and 
pass the fingers downwards between the membra- 
nous layer of the fascia and the underlying aponeu- 
rosis of the external oblique muscle [Fig. 13.7]. 


3. Appreciate that little resistance is felt to the passage 


of the fingers, till the line of fusion of the mem- 
branous layer with the deep fascia of the thigh is 
reached at the fold of the groin. 


4. 


Note that the fingers cannot be carried into the thigh 
because of this line of fusion. 


Pass the fingers medially along this line, and find the 
opening into the perineum, just medial to the pubic 
tubercle. Note that a finger can easily be passed into 
the perineum. 


In the male, the finger passes beside the spermatic 
cord towards the scrotum; in the female, it passes 
into the base of the labium majus. 


Revert back to the dissection of the lower limb. Find 
the long saphenous vein in the superficial fascia of 
the medial part of the anterior surface of the thigh. 
Trace the vein downwards to the knee and up- 
wards to the point where it turns sharply backwards 
through the deep fascia to enter the femoral vein. 


As the upper part is exposed, note the lower group 
of superficial inguinal lymph nodes scattered 
along the vein and the delicate, thread-like lymph 
vessels which enter them. 


Three small veins enter the long saphenous vein at 
its upper end. Follow these and the small superficial 
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inguinal branches of the femoral artery. They pierce 
the deep fascia and supply the adjacent skin and 
lymph nodes. The superficial external puden- 
dal vessels pass medially to the external genital 
organs; the superficial epigastric runs superiorly 
to the anterior abdominal wall, and the superfi- 
cial circumflex iliac runs towards the lateral part 
of the groin [Fig. 13.8]. (When tracing these vessels, 
note the upper group of superficial inguinal lymph 
nodes which lie scattered along the lower border of 
the inguinal ligament. They vary greatly in number 
and size.) 


10. Find the ilio-inguinal nerve just below the pubic tu- 
bercle. Trace its branches to the skin of the upper 
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medial part of the thigh. It also sends branches to the 
external genital organs. 


11. Lift the upper end of the long saphenous vein, and 
note that it turns backwards over a sharp edge of the 
deep fascia. 


12. Follow this edge round the lateral side of the vein 
and upwards towards the inguinal ligament. This is 
the falciform margin of the saphenous opening 
[Fig. 13.8]. From this margin, the thin cribriform 
fascia passes in front of the opening and the femoral 
vessels in the femoral sheath. 


13. Remove the cribriform fascia to expose the femoral 
sheath. Take care not to damage the structures which 
pierce the cribriform fascia or lie posterior to it. 
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Fig. 13.8 Superficial dissection of the proximal part of the front of the thigh. The saphenous opening and the superficial lymph nodes 


and lymph vessels of the groin are displayed. 


forwards, producing a swelling medial to the upper 
end of the long saphenous vein. Such a swelling 
may be mistaken for distension of the vein, espe- 
cially as both swellings are connected with the ab- 
domen and are made more obvious by raising the 
intra-abdominal pressure, e.g. by coughing. 


Saphenous opening 


The saphenous opening overlies the upper part of 
the femoral vein. The deep fascia over the opening 
is thin and perforated, and gets the name cribri- 
form fascia (cribrum = a sieve). The cribriform 


fascia and saphenous opening transmit the long 
saphenous vein, one or more of the superficial in- 
guinal arteries, and efferent lymph vessels from the 
superficial inguinal lymph nodes. The saphenous 
opening lies approximately 3-4 cm inferolateral 
to the pubic tubercle and is about 3 cm long and 
1.5 cm wide. Except on the medial side, the opening 
is limited by the sharp falciform margin of the 
thicker deep fascia which surrounds it [Fig. 13.8]. 


Superficial inguinal lymph nodes 


The superficial inguinal lymph nodes lie in the super- 
ficial fascia and are arranged in the shape of a T. The 
upper nodes are below, and roughly parallel to, the 
inguinal ligament. The lower nodes are placed ver- 
tically along the upper part of the long saphenous 
vein [Fig. 13.8]. 

The superficial inguinal lymph nodes receive al- 
most all the lymph from the skin and superficial fas- 
cia below the level of the umbilicus. This includes: 
(1) the skin and superficial fascia of the trunk below 
the level of the umbilicus, including the perineum 
(anal canal, lower vagina, and urethra—the only 
parts of the perineum not drained by the superfi- 
cial inguinal nodes are: (a) the testis which drains 
to the lumbar lymph nodes and (b) the glans penis 
or glans clitoris which drain to the deep inguinal 
lymph nodes); (2) the skin and superficial fascia of 
the lower limb, except the heel and lateral part of 
the foot which drain into the deep nodes in the 
popliteal fossa; (3) in addition, a few lymph ves- 
sels from the fundus and body of the uterus also 
reach the superficial inguinal lymph nodes along 
the round ligament of the uterus. 

The superficial inguinal lymph nodes are con- 
nected together by many lymph vessels. The effer- 
ents pass through the cribriform fascia to the deep 
inguinal lymph nodes on the femoral vessels and 
the external iliac nodes on the external iliac vessels 
in the abdomen. 


Long saphenous vein 


This is the longest superficial vein of the lower 
limb. It begins on the medial side of the dorsum 
of the foot and runs up to end in the femoral vein 
by piercing the cribriform fascia. In the leg, it first 
lies anterior to the medial malleolus, then on the 
medial surface and medial border of the tibia and 
the posteromedial surface of the knee. In the thigh, 
it ascends to enter the femoral vein through the sa- 
phenous opening. 


The long and short saphenous veins form paral- 
lel channels with the deep veins (plantar and tibial 
veins) of the lower limb. Venous blood in the lower 
limb has to flow against gravity, and several mech- 
anisms exist in both superficial and deep veins 
to aid this. Blood in the deep veins is pushed up 
against gravity by the pumping action produced by 
contraction of the surrounding muscles. No such 
mechanism aids blood flow in the superficial veins. 
However, the saphenous vein has several commu- 
nications with the deep veins, through veins that 
pierce the deep fascia. These are the perforators, 
and they contain valves which direct blood from 
the superficial to deep. Flow of blood through the 
valved perforators keeps blood from collecting in 
the superficial veins. 

Another mechanism for combating stagnation of 
blood in the low-pressure long saphenous vein is 
the presence of valves. Valves divide the column of 
blood in the vein into segments. Blood from each 
segment drains into the deep veins through the 
perforators. In this way, pressure on the walls of 
the distal part is kept low. 

© The system breaks down when there is no 
muscular contraction to empty the deep veins, or 
if the valves in the communicating vessels become 
incompetent. When valves become incompetent, 
muscular contraction forces blood into the super- 
ficial veins, instead of pushing it up. The pressure 
in the superficial veins rises, and they will eventu- 
ally dilate and lead to further incompetence of the 
valves and worsening of the situation (see Clinical 
Application 18.1). 

Dissection 13.3 traces the cutaneous nerves. 


Cutaneous nerves 


The front and medial sides of the thigh are sup- 
plied by the following cutaneous nerves: 


1. Directly from the lumbar plexus: ilio-inguinal 
nerve, femoral branch of the genitofemoral nerve, 
lateral cutaneous nerve of the thigh. 

2. From the femoral nerve: anterior cutaneous 
branches to the thigh, saphenous nerve. 

3. From the obturator nerve: occasional branch to 
the medial side of the thigh. 


The ilio-inguinal nerve (L. 1) emerges just lat- 
eral to the pubic tubercle (through the superficial 
inguinal ring) and is distributed to the scrotum or 
labium majus and the medial side of the thigh. 
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DISSECTION 13.3 Superficial and cutaneous 
nerves 


Objective 


|. To clean and trace the cutaneous nerves on the 
front of the thigh. 


Instructions 


|. Strip the superficial fascia down from the front and 
lateral side of the thigh by blunt dissection. Leave 
the deep fascia in place. 


2. With the assistance of Figs. 13.8 and 13.9, find the 
cutaneous nerves as they pierce the deep fascia, 
and follow them distally. 


3. Note how most of these nerves terminate in the 
patellar plexus, anterior to the patella. 


4. Check for the presence of a prepatellar bursa be- 
tween the skin and the lower part of the patella. 


The femoral branch of the genitofemoral 
nerve (L. 1, 2) is small and difficult to find. It en- 
ters the thigh, posterior to the inguinal ligament, 
and pierces the deep fascia, lateral to the saphen- 
ous opening. This nerve supplies an area of skin 
immediately below the inguinal ligament. 

The lateral cutaneous nerve of the thigh 
(L. 2, 3) enters the thigh, posterior to the lateral 
part of the inguinal ligament. It gives a posterior 
branch that pierces the deep fascia and supplies 
an area of skin over the greater trochanter. The re- 
mainder of the nerve pierces the deep fascia lower 
down. It descends on the lateral side of the thigh 
to the patella, sending branches to the skin of the 
lateral and anterior surfaces of the thigh. 

Three anterior cutaneous branches arise from 
the femoral nerve (L. 2, 3) in the front of the thigh. 
They supply the skin of the anterior and medial sur- 
faces of the thigh and the upper part of the medial 
surface of the leg. The more medial branches pierce 
the deep fascia more distally [Fig. 13.9]. 

The saphenous nerve (L. 3, 4) arises from the 
femoral nerve and descends with the femoral artery, 
deep to the sartorius muscle. It sends an infrapatel- 
lar branch through that muscle to supply the skin 
medial to the knee and distal to the patella. The main 
nerve pierces the deep fascia, posterior to the sarto- 
rius, at the knee. It supplies the skin of the medial 
surface of the leg and the medial surface of the foot 
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Fig. 13.9 Cutaneous nerves on the front of the lower limb. 


up to the proximal end of the big toe. It descends on 
the leg with the long saphenous vein [Fig. 13.9]. 


Patellar plexus 


The patellar plexus is a cutaneous nerve plexus 
formed by branches of the lateral cutaneous nerve 
of the thigh, the lateral and intermediate anterior 
cutaneous branches of the femoral nerve, and the 
infrapatellar branch of the saphenous nerve. The 
plexus supplies the skin over the patella, the pa- 
tellar ligament, and the proximal part of the tibia 
anteriorly. The individual nerve fibres entering the 
plexus do not anastomose but merely run in the 
same connective tissue sheath. 

Dissection 13.4 is the dissection of the deep fas- 
cia of the thigh. 


DISSECTION 13.4 Deep fascia of the thigh 
Objective 


|. To expose the deep fascia and establish its attach- 
ments. 


Instructions 


I Complete Tiere. peste of Ihe deep iascia er ine 
front and lateral side of the thigh. (Do not remove 
the cutaneous nerves, so that they may be fol- 
lowed to their origins later.) 


2. Trace the deep fascia upwards to the iliac crest, in- 
guinal ligament, and the body of the pubis. 


Fascia lata 


The deep fascia of the thigh is called the fascia 
lata. Like the deep fascia elsewhere in the body, it 
is continuous with the periosteum of the underly- 
ing bones, either directly where the bone is subcu- 
taneous, or indirectly through intermuscular septa. 
The upper part of the fascia lata is attached around 
the root of the lower limb to: (a) the iliac crest lat- 
erally; (b) the inguinal ligament anteriorly; (c) the 
body of the pubis, ischiopubic rami, and ischial 
tuberosity medially; and (d) the sacrotuberous liga- 
ment and sacrum posteriorly. Below, at the knee, 
the fascia lata fuses with the patella, the femoral 


Adductors 
(obturator N.) 








and tibial condyles, and the head of the fibula. Pos- 
teriorly, it is continuous with the dense fascia cov- 
ering the popliteal fossa. 

The fascia lata is thin medially and where it forms 
the cribriform fascia over the saphenous opening. 
Laterally, it forms the iliotibial tract, a thickened 
band stretching from the iliac crest to the lateral 
tibial condyle. Two muscles—gluteus maximus 
and tensor fasciae latae—are inserted into the 
tract. Through the insertion into the iliotibial tract, 
they help stabilize the pelvis on the thigh and 
maintain extension of the knee while standing. 

From the deep surface of the fascia lata, three 
intermuscular septa pass to the linea aspera of 
the femur. These medial, posterior, and lateral 
intermuscular septa separate the thigh into three 
compartments, each of which contains a group of 
muscles and the vessels and nerves which supply 
them [Fig. 13.10]: (1) the anterior compartment 
lies anteriorly and laterally; it contains the exten- 
sor muscles and the femoral nerve; (2) the medial 
compartment contains the adductor muscles and 
the obturator nerve; and (3) the posterior com- 
partment contains the flexor muscles (hamstrings) 
and the sciatic nerve. The extensor group consists 
principally of four large muscles (quadriceps femo- 
ris) which are inserted into the patella. Their ten- 
dinous fibres continue over the anterior surface of 
the patella as the patellar tendon which attaches 
the patella to the tibial tuberosity. 
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Fig. 13.10 Section of the thigh to show the arrangement of muscles and intermuscular septa forming the osteofascial compartments 
of the right thigh. a = medial intermuscular septum; b = posterior intermuscular septum; c = lateral intermuscular septum. A = anterior; 


P = posterior; M = medial; L = lateral. 


Image courtesy of the Visible Human Project of the US National Library of Medicine. 
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Patellar bursae 


A number of fluid-filled bursae are present around 
the knee joint. These allow free movement of the 
skin on the underlying tissues, e.g. in kneeling, 
and movement of the deep tissues on each other. 
There are two or three subcutaneous bursae be- 
tween the skin and the front of the patella, the 
lower part of the patellar ligament, and the tibial 
tuberosity. 

There are two deep bursae: (1) a large suprapa- 
tellar bursa separates the tendon of the quadri- 
ceps femoris from the front of the femur. It extends 
upto a hand’s breadth above the patella and is usu- 
ally continuous with the cavity of the knee joint; 
(2) a deep infrapatellar bursa lies between the 
tibial tuberosity and the patellar ligament. 


Inguinal ligament 


The free lower border of the aponeurosis of the ex- 
ternal oblique muscle of the abdomen forms the 
inguinal ligament. (The external oblique muscle 
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is seen in Fig. 13.7, and the inguinal ligament in 
Fig. 13.11.) The inguinal ligament extends from 
the anterior superior iliac spine laterally to the pu- 
bic tubercle medially. The free edge of the aponeu- 
rosis is curved back on itself to form a groove on 
the abdominal aspect. The fascia lata is attached 
to the length of the ligament, exerts traction on 
it, and makes the inguinal ligament convex infe- 
riorly. 

Lateral to the pubic tubercle, the deep surface of 
the inguinal ligament extends posteriorly to the 
pecten pubis, forming the lacunar ligament. 
This triangular lacunar ligament [see Fig. 13.14] 
has an apex attached to the pubic tubercle, and a 
base which is sharp and curved. The free base of 
the lacunar ligament lies medial to the aperture, 
through which the femoral vessels enclosed in the 
femoral sheath enter the thigh. 


Femoral sheath 


To understand this region, you should appreciate 
certain general points. (1) At the inguinal ligament, 
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Fig. 13.11 Lumbar plexus (semi-diagrammatic) shown in relation to the iliopsoas muscles and other muscles on the posterior abdominal 


wall. 
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Fig. 13.12 Diagram of fasciae and muscles of the inguinal and subinguinal regions lateral to the femoral sheath. 


the anterior and posterior abdominal walls come to- 
gether. This means that the transversalis fascia 
lining the deep surface of the anterior abdominal 
wall and the iliac fascia covering the lower part 
of the posterior abdominal wall meet each other at 
the inguinal ligament [Fig. 13.12]. (2) Deep to the 
inguinal ligament and between it and the hip bone 
is a gap through which structures pass from the 
abdomen into the thigh. Here muscles (psoas and 
iliacus) and nerves (femoral and lateral cutaneous 
nerve of the thigh) of the posterior abdominal wall 
enter into the thigh behind the iliac fascia and the 
lateral part of the inguinal ligament [Fig. 13.11]. 
Also deep to the medial part of the inguinal liga- 
ment, the external iliac vessels in the abdomen 
become the femoral vessels in the thigh. They are 
covered by a funnel-shaped extension of the fascial 
lining of the abdomen, and carry with them the 
transversalis fascia anteriorly and the iliac fascia 
posteriorly [Fig. 13.13]. These coverings form the 
femoral sheath which lies immediately lateral to 
the lacunar ligament [Figs. 13.14, 13.15]. The fem- 
oral sheath has within it, from lateral to medial, 
the femoral artery and the femoral branch of 
the genitofemoral nerve, the femoral vein 
(in the middle), and a space called the femoral 
canal, medial to the vein. This canal allows for the 
expansion of the femoral vein within the sheath. It 


narrows inferiorly and disappears where the sheath 
fuses with the adventitia of the vessels at the low- 
er margin of the saphenous opening. The canal 
contains loose fatty tissue (the femoral septum), a 
small lymph node, and some lymph vessels. 
Dissection 13.5 explores these features. 
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Fig. 13.13 Diagram of fasciae and muscles of the inguinal and 
subinguinal regions in the line of the femoral vein. 
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Fig. 13.14 (A) Diagram to show the routes of entry of femoral nerves and blood vessels into the lower limb. A portion of the 
aponeurosis of the external oblique muscle of the abdomen and the inguinal and lacunar ligaments are shown. (B) Diagram to show 
the course of sciatic, femoral and obturator nerves as they enter the lower limb. 
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Fig. 13.15 Dissection to show the femoral sheath and structures which pass between the inguinal ligament and the hip bone. Seen from 
below and in front. 


DISSECTION 13.5 Femoral sheath, canal, and ring 


Objective 


|. To clean and study the femoral sheath and its con- 
tents. II. To study the margins of the femoral ring. 


Instructions 


1. Follow the long saphenous vein through the anterior 
wall of the femoral sheath to the femoral vein, and 
expose the femoral vein. 


2. Split the femoral sheath, lateral and medial to the 
vein, to expose the femoral artery and femoral canal, 
respectively. Note the septa of the sheath which 


Femoral canal 


As mentioned earlier, the femoral canal is the most 
medial compartment within the femoral sheath. 
This short fascial tube rapidly diminishes in width 
from above downwards and is closed inferiorly by 
fusion of its walls. The wide upper end is the femo- 
ral ring. It is separated from the abdominal cav- 
ity only by the smooth innermost lining of the ab- 
dominal wall—the peritoneum. The boundaries 
of the femoral ring are: the inguinal ligament 
anteriorly; the sharp edge of the lacunar ligament 
medially; the pecten of the pubic bone posteriorly; 
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Fig. 13.16 Dissection of the right femoral triangle. 


separate the compartments in which the artery, vein, 
and canal lie. 

3. Note that the canal is shorter than the spaces which 
contain the vessels. Introduce your little finger into the 
canal, and push it upwards. It is possible to enter the 
abdomen through the canal. 

4. At the abdominal opening of the canal (the femoral 
ring), feel the edge of the lacunar ligament medially, 
the inguinal ligament anteriorly, and the pecten pubis 
posteriorly. 


and the femoral vein laterally. Inferiorly, the canal 
lies posterior to the saphenous opening and cribri- 
form fascia, and anterior to the fascia covering the 
pectineus muscle. 


Femoral triangle 


The femoral triangle is formed by the inguinal liga- 
ment (base) superiorly, the medial border of the 
sartorius laterally, and the medial border of the ad- 
ductor longus medially. Inferiorly, the apex of the 
triangle is continuous with a narrow intermuscular 
space—the adductor canal [Fig. 13.16]. 
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The roof, or anterior wall, of the triangle con- 
sists of the deep fascia, superficial inguinal lymph 
nodes and lymph vessels, the upper part of the 
long saphenous vein, the femoral branch of the 
genitofemoral nerve, branches of the ilio-inguinal 
nerve, and superficial branches and tributaries of 
the femoral vessels. 

The floor or posterior wall is formed by the adduc- 
tor longus, pectineus, psoas major, and iliacus, from 
the medial to lateral sides. The floor slopes posterior- 
ly, and the femoral vessels lie in the central hollow. 

Dissection 13.6 studies the femoral triangle. 


Contents of the femoral triangle 


Important blood vessels, nerves, lymph nodes, and 
lymphatics lie in the femoral triangle. 


1. The femoral vessels traverse the triangle from 
the base to the apex. The vein is medial to the 
artery at the base, but behind it at the apex. 


The profunda femoris artery is the main artery 
supplying the thigh. It arises from the posterolat- 
eral side of the femoral artery, curves down behind 
it, and goes posterior to the adductor longus. The 
profunda vein is anterior to its artery and ends in 
the femoral vein. 

The lateral and medial circumflex femoral 
arteries arise from the profunda near its origin. 
The lateral circumflex femoral artery runs laterally 
among the branches of the femoral nerve and pass- 
es posterior to the sartorius. The medial circumflex 
femoral artery passes backwards between the psoas 
and pectineus muscles. The circumflex veins end 
in the femoral vein. 


. The deep external pudendal artery arises from 


the femoral artery near the base of the triangle. It 
runs medially to the scrotum in the male and to 
the labium majus in the female. 

Three or four deep inguinal lymph nodes lie 
along the medial side of the femoral vein. They 


DISSECTION 13.6 Femoral triangle 


Objective 


|. To identify the muscles, vessels, and nerves of the femo- 
ral triangle. 


Instructions 


1. Expose the sartorius and adductor longus muscles 
down to the apex of the triangle where they meet. 
Preserve the nerves close to the sartorius [Fig. 13.16]. 


2. Place a block under the knee to flex the hip joint, 
and relax the structures in the triangle. Find the fem- 
oral nerve lateral to the artery in the groove between 
the psoas and iliacus muscles. 


3. Note that the femoral nerve divides almost imme- 
diately into a number of cutaneous and muscular 
branches. 


4. Find the nerve to the pectineus passing medially be- 
hind the femoral artery. 


5. Follow the other branches of the femoral nerve, till 
they leave the triangle. Avoid injury to the lateral cir- 
cumflex artery which passes laterally among these 
nerves near their origin. 


6. Remove the venae comitantes of the smaller arteries 
to get a clear picture of the arrangement of the vessels. 


7. Clean the upper part of the femoral artery. Find the 
deep external pudendal artery which arises from the 
upper part of the femoral artery and runs medially. 


o 


10. 


ie 


12 


Ie 


Identify the root of the large profunda femoris artery 
which arises from the posterolateral surface of the 
femoral artery, about 5 cm below the inguinal liga- 
ment. Follow it downwards with the profunda vein 
behind the femoral vessels, until it leaves the triangle. 


Find the lateral and medial circumflex femoral arter- 
ies which arise from the profunda near its origin or 
from the adjacent femoral artery. Trace the lateral ar- 
tery as far as the sartorius, and the medial one back- 
wards as far as possible behind the femoral vessels. 
Preserve the proximal parts of the circumflex veins 
which enter the femoral vein. 


Trace the nerve to the pectineus behind the femoral 
vein. 


Remove the fascia from the pectineus, and find the ant- 
erior branch of the obturator nerve in the interval be- 
tween it and the adductor longus. The nerve descends 
behind both muscles in front of the adductor brevis. 


Strip the fascia from the surface of the iliacus and 
psoas major. Place your finger on the anterior surface 
of the tendon of the psoas, and push it downwards 
and backwards, following the line of the tendon. It is 
usually possible to reach the lesser trochanter of the 
femur to which the tendon is attached. 


The medial circumflex artery passes backwards be- 
tween the psoas and pectineus muscles, parallel to 
your finger. Expose it as far as possible. 


receive lymph vessels from the superficial ingui- 
nal and popliteal lymph nodes, and from the deep 
structures of the limb. Efferent lymph vessels pass 
from the deep inguinal nodes to the external iliac 
nodes on the external iliac vessels in the abdomen. 

6. The femoral branch of the genitofemoral 
nerve [Fig. 13.9] supplies the skin over the femo- 
ral triangle. 

7. The lateral cutaneous nerve of the thigh 
crosses the lateral angle of the triangle. 

8. The femoral nerve ends in the femoral triangle. 


Dissection 13.7 continues the dissection of the 
front of the thigh. 


Sartorius 


This long, strap-like muscle arises from the anterior 
superior iliac spine and runs across the front of the 
thigh to the posterior part of the medial side of the 
knee. In the leg, it forms a thin tendinous sheet 
which is inserted into the upper part of the medial 
surface of the tibia [see Fig. 18.13]. This tendon is 
separated by a bursa (bursa anserina) from the 
tendons of the gracilis and semitendinosus which 
are inserted on the tibia posterior to it. 

The sartorius forms the lateral boundary of the 
femoral triangle, the roof of the adductor canal, 
and produces a vertical, fleshy ridge far back on 


the medial side of the extended knee. When the 
knee is flexed, the muscle slips backwards into 
the medial boundary of the popliteal fossa. Nerve 
supply: femoral nerve. Actions: it flexes the hip 
joint and the knee joint, and rotates the thigh lat- 
erally to bring the limb into the position adopted 
when sitting cross-legged (sartorius comes from 
the Latin word sartor, meaning tailor. This name 
was chosen in reference to the cross-legged posi- 
tion in which tailors once sat). When the knee is 
flexed, the sartorius medially rotates the tibia on 
the femur. 


Adductor canal 


The adductor canal is a deep furrow on the medial 
side of the thigh between the vastus medialis ante- 
riorly and the adductor longus and magnus mus- 
cles posteriorly. The roof of the canal is formed by 
a strong fascia that stretches from the vastus me- 
dialis to the adductors and has the sartorius lying 
on it. The femoral vessels, the saphenous nerve, 
and the nerve to the vastus medialis lie in this 
canal. The roof is pierced inferiorly by the saphe- 
nous nerve. Inferiorly, there is an opening in the 
adductor magnus muscle—the tendinous (adduc- 
tor) opening—through which the femoral vessels 
pass from the canal into the popliteal fossa. The 


DISSECTION 13.7 Front of the thigh 


Objective 


|. To identify the tensor fasciae latae and the parts of the 
Il. To trace the medial and lateral 
II]. To 
demonstrate the boundaries and contents of the adduc- 


quadriceps femoris. 
circumflex femoral arteries and their branches. 


to canal 


Instructions 


1. Expose the sartorius down to its insertion onto the 
tibia. 

2. Make a vertical incision through the fascia lata from 
the tubercle of the iliac crest to the lateral margin of 
the patella. Remove the fascia lata between the inci- 
sion and the sartorius. This uncovers the tensor fasciae 
latae and parts of the four elements of the quadriceps 
muscle but leaves the greater part of the iliotibial tract 
iN position. 

3. Find: (1) the rectus femoris in the middle of the front 
of the thigh; (2) part of the vastus lateralis lateral to 


the rectus femoris; (3) the vastus intermedius deep to 
the rectus femoris; and (4) part of the vastus medialis 
between the lower parts of the rectus femoris and sar- 
tOmUS |Fig- 13°17 | 


4. Lift the rectus femoris, and follow it to its origin on the 


hip bone. 


5. Trace the lateral circumflex femoral artery behind 
the sartorius and the rectus femoris. Follow its three 
branches: (1) the descending branch along the an- 
terior border of the vastus lateralis; (2) the ascending 
branch that runs between the sartorius and tensor fas- 
ciae latae on a deeper plane; and (3) a small transverse 
branch that enters the vastus lateralis. 


6. Pull the middle third of the sartorius laterally. This 
exposes a narrow strip of the fascia, the roof of the 
adductor canal, between the vastus medialis and the 
adductor muscles. Divide the fascia longitudinally, and 
find the femoral vessels, the saphenous nerve, and the 
nerve to the vastus medialis in the canal [Fig. 13.18]. 
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Fig. 13.17 Muscles of the front of the right thigh. 
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nerve to the vastus medialis descends in the 
canal and enters that muscle. 


Femoral artery 


The femoral artery is the main artery of the lower 
limb and is the continuation of the external iliac 
artery of the abdomen. As this vessel passes behind 
the inguinal ligament at the mid-inguinal point 
[Figs. 13.14, 13.15], its name changes to the femoral 
artery. At the mid-inguinal point, the femoral artery 
is medial to the femoral nerve, lateral to the femoral 
vein, and anterior to the psoas major and the hip 
bone. By compressing the artery against the bone, 
it is possible to control bleeding from a more distal 
point, when a distal branch of the artery is cut. The 
artery enters the femoral triangle, anterior to the 
head of the femur, and is covered only by skin and 
the fascia in the triangle. It leaves the triangle at its 
apex and runs through the adductor canal with the 
femoral vein, the saphenous nerve, and the nerve 
to the vastus medialis. Here it lies close to the shaft 
of the femur and receives a branch from the obtu- 
rator nerve. It becomes the popliteal artery by 
passing through the tendinous opening in the ad- 
ductor magnus. [Fig. 13.16]. 


Branches 


The main branch and principal artery of the thigh 
is the profunda femoris. Three small superfi- 
cial arteries of the groin (superficial circumflex 
iliac, superficial epigastric, and superficial external 
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Fig. 13.18 Dissection of the adductor canal in the right thigh. A portion of the sartorius has been removed. 
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Fig. 13.19 Diagram of the lumbar plexus. Ventral divisions, light orange; dorsal divisions, yellow. 


pudendal) and one deep artery (deep external pu- 
dendal) also arise in the femoral triangle. Muscular 
branches and the descending genicular artery 
arise in the adductor canal. The descending genicu- 
lar artery supplies adjacent muscles and the knee 
joint, and sends a branch with the saphenous nerve 
to the medial side of the knee and leg [see Fig. 16.1]. 


Femoral vein 


The femoral vein is the continuation of the pop- 
liteal vein. It begins at the opening in the ad- 
ductor magnus and runs with the femoral 
artery to the inguinal ligament behind which it 
becomes the external iliac vein. The relationship 
between the femoral vein and artery changes—the 
vein is posterior to the artery in the lower part of 
the femoral triangle, and medial in the upper part 
[Fig. 13.16]. 

The femoral vein contains several valves. One 
is constantly present, proximal to the entry of 
the profunda vein. Open the vein, and examine 
the valve. 


Tributaries 


The tributaries in the thigh correspond to the 
branches of the arteries, with some exceptions. 


The superficial veins of the groin end in the long 
saphenous vein, and the medial and lateral cir- 
cumflex veins enter the femoral vein, though the 
corresponding arteries are usually branches of the 
profunda artery. 


Femoral nerve 


The femoral nerve arises from the lumbar plexus 
in the abdomen [Figs. 13.11, 13.14, 13.19]. It de- 
scends between the iliacus and psoas major mus- 
cles behind the iliac fascia and enters the thigh, 
posterior to the inguinal ligament [Fig. 13.15]. It 
ends by dividing into branches 2 cm below the 
inguinal ligament. The branches are muscular, 
articular, or cutaneous. Muscular branches are to 
the pectineus, sartorius, and quadriceps femoris. 
Articular branches are to the hip and knee joints. 
Cutaneous branches include the anterior cutane- 
ous nerves of the thigh (medial and lateral) and the 
saphenous nerve. 

The innervation to the quadriceps femoris is 
by separate nerves to each of its four parts—the 
rectus femoris and the three vasti. The nerve 
to the rectus femoris sends a branch to the hip 
joint; the nerves to the vasti send branches to 
the knee joint. Thus, the nerves to the parts of 
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the quadriceps which act only on the knee joint 
(vasti) send branches to that joint; the nerve to 
the part that acts also on the hip joint sends a 
branch to that joint. 

The lateral and medial anterior cutaneous 
nerves (L. 2, 3) run along the medial margin of the 
sartorius and pierce the deep fascia to supply the 
skin and subcutaneous tissue. 

The saphenous nerve (L. 3, 4) is the longest 
branch of the femoral nerve and the only one that 
has its main distribution in the leg and foot. It ac- 
companies the femoral vessels in the adductor ca- 
nal and pierces the fibrous roof of the canal and the 
deep fascia at the posterior border of the sartorius, 
medial to the knee [Fig. 13.9]. 

The branch to the pectineus runs medially 
and downwards behind the femoral vessels to the 
pectineus. Two or three nerves to the sartorius 
usually arise in common with the lateral anterior 
cutaneous nerve. The nerves to the rectus femo- 
ris (usually two) enter the deep surface of the mus- 
cle, and the upper one supplies the hip joint. The 
nerve to the vastus medialis enters the adduc- 
tor canal and supplies the muscle at different lev- 
els. It sends a branch to the knee joint. The nerve 
to the vastus lateralis passes deep to the rectus 
femoris and accompanies the descending branch of 
the lateral circumflex artery to the anterior border 
of the muscle. It usually gives a branch to the knee 
joint. Two or three nerves to the vastus inter- 
medius enter its anterior surface. The most medial 
nerve is a long, slender branch which runs along 
the medial edge of the vastus intermedius to the 
articularis genus muscle (for a description of the ar- 
ticularis genus, see Vastus intermedius, p. 181). Its 
terminal filaments pass to the knee joint. 


Lateral circumflex femoral artery 


The lateral circumflex femoral artery is the largest 
branch of the profunda femoris artery. It supplies 
structures on the lateral side of the hip and thigh. 
It arises from the profunda femoris artery near its 
origin and runs laterally among the branches of the 
femoral nerve, and then deep to the rectus femoris. 
It ends by dividing into ascending, transverse, and 
descending branches. 

The ascending branch passes along the inter- 
trochanteric line of the femur to the gluteal surface 
of the ilium. It supplies the surrounding muscles 
and the hip joint, and anastomoses with the su- 
perior gluteal artery. The small transverse 


branch passes backwards through the vastus lat- 
eralis. It anastomoses with other arteries, posterior 
to the femur. The descending branch runs along 
the anterior border of the vastus lateralis. It sup- 
plies a large part of the quadriceps and sends a long 
branch through the vastus lateralis to the anasto- 
mosis at the knee joint. 


Tensor fasciae latae 


This muscle lies between the gluteal region and the 
front of the thigh [Fig. 13.17]. It arises from the 
anterior part of the iliac crest and is inserted into 
the iliotibial tract, 3-5 cm below the level of the 
greater trochanter. It is enclosed between two lay- 
ers of the iliotibial tract. Nerve supply: superior 
gluteal nerve. Actions: flexion and medial rota- 
tion of the hip joint; extension of the knee through 
the iliotibial tract. 


Iliotibial tract 


The iliotibial tract is a thick band of fascia lata 
which runs vertically on the lateral side of the 
thigh from the iliac crest to the lateral condyle of 
the tibia [Fig. 13.20]. The greater part of the gluteus 
maximus and the tensor fasciae latae are inserted 
into it. These muscles, through their insertion into 
the tract, help to steady the pelvis on the thigh and 
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Fig. 13.20 Lateral side of the knee, showing surface projection of 
the iliotibial tract and biceps tendon. 
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keep the knee extended in the erect position. While 
standing, the tensed iliotibial tract is readily felt on 
the lateral side of the thigh, immediately proximal 
to the lateral condyle of the femur. By comparison, 
the palpably relaxed quadriceps and mobile patella 
indicate that the quadriceps is not responsible for 
maintaining knee extension in standing. 

Superiorly, most of the posterior part of the tract 
passes deep to the gluteus maximus. Its anterior 
part splits to enclose the tensor fasciae latae, and 
the intermediate part passes directly to the iliac 
crest. Inferiorly, the tract is continuous with the 
rest of the fascia lata and the lateral intermuscular 
septum. 

Dissection 13.8 exposes the lateral intermuscular 
septum. 
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Fig. 13.21 Right femur (anterior aspect) to show muscle 
attachments. 


DISSECTION 13.8 Lateral intermuscular septum 
Objective 


|. To expose the lateral intermuscular septum. 


Instructions 


1. Expose the lateral intermuscular septum by detach- 
ing the vastus lateralis from it, and reflecting the 
muscle forwards. 


Intermuscular septa 


There are three intermuscular septa in the thigh— 
lateral, medial, and posterior intermuscular septa 
[Fig. 13.10]. The lateral is strong; the others are thin 
fascial layers on the front and back of the adduc- 
tor muscles. All three septa pass to the linea aspera 
(rough line) and the corresponding supracondylar 
line. All muscles attached to the body of the femur 
are attached only to these lines, except the vas- 
tus intermedius [Figs. 13.21, 13.22]. The order of 
attachment of the thigh muscles to the linea as- 
pera is that of their position in the thigh, i.e. from 
medial to lateral—vastus medialis, the adductors, 
the short head of the biceps, and vastus lateralis. 

The fibrous lateral intermuscular septum passes 
from the deep surface of the iliotibial tract to the 
lateral supracondylar line and the linea aspera 
between the vastus lateralis and the short head of 
biceps femoris. 


Quadriceps femoris 


The quadriceps femoris is the powerful extensor of 
the knee joint. The four muscles that contribute 
to it are the rectus femoris, vastus medialis, vastus 
intermedius, and vastus lateralis [Fig. 13.17]. All 
these four parts are inserted into the patella and 
act together on the tibial tuberosity through the 
patella and the patellar tendon. The vastus media- 
lis, intermedius, and lateralis arise from the femur 
and act solely on the knee joint. The rectus femo- 
ris arises from the hip bone and is also a flexor of 
the hip joint. It is more separate than the vasti and 
only fuses with them, as it approaches the inser- 
tion into the patella. Because of the wide range of 
movement possible at the knee joint, the tendon of 
the quadriceps, the patella, and the patellar tendon 
form the anterior part of the fibrous capsule of the 
joint and the suprapatellar bursa. 
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Fig. 13.22 Right femur (posterior aspect) to show muscle 
attachments. 
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Fig. 13.23 Muscle attachments to the outer surface of the right pubis and ischium. 


Rectus femoris 


This muscle arises by two heads from the anteri- 
or inferior iliac spine (straight head) and from 
a groove immediately above the acetabulum (re- 
flected head) [Fig. 13.23]. In varying degrees of 
flexion of the hip joint, one or other of these heads 
takes the major part of the strain. The muscle runs 
vertically down the front of the thigh in a groove 
between the iliopsoas and tensor fasciae latae supe- 
riorly, and between the vastus lateralis and vastus 
medialis inferiorly. It overlies the anterior part of 
the vastus intermedius. 


Vastus lateralis 


Together with the vastus intermedius with which 
it is partly fused, the vastus lateralis muscle covers 
the lateral aspect of the femur. It has a long linear 
origin from the root of the greater trochanter to the 
lateral supracondylar line [Fig. 13.22]. The muscle 
fibres run downwards and forwards to the patella 
and the anterolateral part of the fibrous capsule of 
the knee joint. The lowest fibres lie 3-4 cm proxi- 
mal to the patella. 


Vastus medialis 


The vastus medialis muscle has a long linear origin 
from the intertrochanteric and spiral lines, the lin- 
ea aspera, the medial supracondylar line [Figs. 13.4, 
13.22], the medial intermuscular septum, and the 
tendons of the adductors longus and magnus. Most 
of its muscle bundles are directed downwards and 
forwards onto the proximal surface of the patella, 
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except the lowest fibres which run horizontally 
into the medial aspect of the upper half of the 
patella. These lowest fibres help to hold the patella 
medially (prevent lateral displacement of the pa- 
tella) and form a prominent bulge, just proximal to 
the medial condyle of the femur [Fig. 13.5]. Some 
of the fibres of the vastus medialis are inserted into 
the anteromedial part of the fibrous capsule of the 
knee joint. 


Vastus intermedius 


The vastus intermedius takes origin from the lat- 
eral and anterior surfaces of the body of the fe- 
mur [Fig. 13.21]. Some of the lowest fibres arise 
from the front of the femur and are inserted into 
the suprapatellar bursa. These fibres consti- 
tute the articularis genus muscle which pulls 
up the bursa during extension of the knee joint. 
The remainder of the vastus intermedius passes to 
the common tendon of the quadriceps which is 
inserted into the proximal surface of the patella. 
Nerve supply: femoral nerve. Actions of quadri- 
ceps: extension of the knee and flexion of the hip 
(rectus femoris). 





Medial side of the thigh 


The muscles on the medial side of the thigh pro- 
duce adduction at the hip joint. These adductor 
muscles are arranged in three layers, from anterior 


to posterior. The anterior layer is composed of the 
pectineus and adductor longus. The middle layer is 
the adductor brevis. The posterior layer is the ad- 
ductor magnus. These muscles are attached proxi- 
mally to the hip bone [Fig. 13.23] and distally to 
the back of the femur [Fig. 13.22]. Medial to these 
is the gracilis muscle. It is long and slender (graci- 
lis = slender), arises from the hip bone, and is the 
only member of the group which is inserted into 
the tibia. As a result, it acts on the knee joint, in 
addition to the hip joint. 

The two branches of the obturator nerve, 
anterior and posterior divisions, descend be- 
tween the muscles and are separated from each 
other by the adductor brevis. The nerve supplies 
these muscles and the obturator externus, but not 
the pectineus. The profunda femoris artery 
descends posterior to the adductor longus, close 
to the femur. 


Adductor longus 


This triangular muscle takes origin by a narrow 
tendon from the front of the body of the pubis, 
immediately below the pubic crest [Fig. 13.23]. It 
widens as it passes inferolaterally, and is inserted 
into the linea aspera of the femur, between the vas- 
tus medialis and the other adductors [Fig. 13.22]. 
Nerve supply: anterior branch of the obturator 
nerve. Action: adduction of the thigh. 

Dissection 13.9 begins the dissection of the me- 
dial compartment of the thigh. 


DISSECTION 13.9 Medial compartment of the thigh-1 


Objectives 


|. To study the adductor longus, gracilis, and obturator 
externus. II. To identify and trace the anterior and pos- 


terior divisions of the obturator nerve. 


Instructions 


1. Remove the fascia from the adductor longus, gracilis, 
and obturator externus and the nerves that supply them. 


2. Divide the adductor longus transversely, 2-3 cm below 
its origin. Turn the distal part towards the femur. 


3. Find the nerve supplying it, and trace it to the anterior 
branch of the obturator nerve. 


4. Follow the anterior branch of the obturator nerve in- 
feriorly to the gracilis, and find a small branch entering 
the adductor canal. 


5. Trace the gracilis to its attachments. 


6. Define the attachments of the pectineus [Figs. 13.22, 
13.23]. Avoid injury to the branches of the obturator 
nerve behind it and the medial circumflex artery su- 
perolateral to it. Detach the pectineus from its origin, 
and turn it laterally. 


7. Trace the anterior branch of the obturator nerve and 
the medial circumflex artery as far as possible. 


8. Identify the obturator externus. It lies superior to the 
medial circumflex artery and has the anterior branch 
of the obturator nerve passing anterosuperior to it 
[Fig. 13.24]. 
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Fig. 13.24 Schematic diagram of the adductor muscles and obturator nerve. 


Pectineus 


The pectineus arises from the pectineal surface of 
the pubis [Fig. 13.23] and is inserted into the upper 
half of a line joining the lesser trochanter of the 
femur to the linea aspera [Fig. 13.22]. In the base 
of the femoral triangle, the pectineus lies between 
the adductor longus and the iliopsoas [Fig. 13.17]. 
Nerve supply: femoral nerve. Action: see Actions 
of the adductor muscles, p. 183. 


Accessory obturator nerve 


The accessory obturator nerve, when present, is a 
branch of either the lumbar plexus or the obturator 
nerve. It descends along the medial side of the psoas 
major and crosses the superior ramus of the pubis 
into the thigh (it does not pass through the obturator 
canal). It may end in the hip joint or in the pectineus, 
or it may pass between the psoas and the pectineus to 
replace part of the obturator nerve [Fig. 13.19]. 


Medial circumflex femoral artery 


The medial circumflex femoral artery is a branch of 
the profunda femoris. It passes back superior to the 
pectineus and the adductor muscles, and inferior to 
the psoas, obturator externus, and quadratus femo- 
ris muscles [Fig. 13.24]. It gives branches to the ad- 
jacent muscles and supplies the hip joint through 
the acetabular notch. The terminal branches take 
part in the formation of the cruciate anastomo- 
sis, posterior to the adductor magnus. 


Adductor brevis 


The adductor brevis muscle arises from the pubis, 
inferior to the origin of the adductor longus. It 
lies behind the pectineus and adductor longus, 
and is inserted into the linea aspera in this po- 
sition [Figs. 13.22, 13.23]. Nerve supply: obtu- 
rator nerve. Action: see Actions of the adductor 
muscles, p. 183. 

Dissection 13.10 continues the dissection of the 
medial compartment of the thigh. 


DISSECTION 13.10 Medial compartment of the 
thigh-2 


Objective 


|. To expose and clean the adductor brevis and mag- 
nus, and the nerve which supplies them. 


Instructions 


1. Divide the adductor brevis close to its origin. Turn 
it laterally, preserving the anterior branch of the 
obturator nerve. 


2. Find and trace the posterior branch of the obtura- 
tor nerve behind the muscle. 


3. Remove the fascia from the surface of the obtura- 
tor externus and adductor magnus, without dam- 
aging the branches of the obturator nerve. Define 
the attachments of the adductor magnus. 


Gracilis 


The gracilis muscle arises from the lower half of the 
body of the pubis close to the symphysis, and from 
the anterior part of the inferior pubic ramus [Fig. 
13.23]. It lies on the medial side of the thigh and is 
inserted into the upper part of the medial surface 
of the tibia, posterior to the sartorius. It is separated 
from the sartorius and the tibial collateral ligament 
of the knee by a complex bursa—the bursa anse- 
rina. Nerve supply: anterior branch of the obtu- 
rator nerve. Action: see Actions of the adductor 
muscles, see below. 


Adductor magnus 


This muscle takes origin from the ischiopubic ra- 
mus and the lower part of the ischial tuberosity 
[Fig. 13.23]. It lies posterior to the other adduc- 
tor muscles and is inserted into the back of the 
femur, from the gluteal tuberosity to the adduc- 
tor tubercle [Fig. 13.22]. At intervals, the insertion 
to bone is interrupted, and muscle fibres are in- 
serted instead to tendinous slips which arch over 
the perforating arteries on the surface of the 
femur. The opening through which the femoral 
vessels pass—the adductor hiatus—is the largest 
of these arches. It lies at the medial supracondylar 
line approximately at the junction of the middle 
and lower thirds of the thigh. 

The adductor magnus is fan-shaped [see Fig. 16.1] 
with horizontal anterior fibres, oblique mid- 
dle fibres, and nearly vertical posterior fibres. 
The vertical fibres pass from the ischial tuber- 
osity to the adductor tubercle. At the adductor 
tubercle, the tendon is continuous with the me- 
dial intermuscular septum and gives attachment 
to the lower fibres of the vastus medialis. Nerve 
supply: (1) the part originating from the ischio- 
pubic ramus is supplied by the posterior branch 
of the obturator nerve; (2) the part originating 
from the ischial tuberosity with the hamstring 
muscles is supplied by the tibial part of the sci- 
atic nerve. 


Actions of the adductor muscles 


The adductor longus, brevis, magnus, pectineus, 
and gracilis adduct the thigh. In addition, the gra- 
cilis flexes the knee joint and medially rotates the 
leg when the knee is flexed. The ischial part of the 
adductor magnus acts with the hamstring muscles 
to extend the hip joint but has no action on the 


knee joint. One important action of the adductor 
muscles is to stabilize the hip bone on the femur. 
They prevent the hip bone from tilting laterally 
when standing on one leg. They are active in the 
supporting limb during the whole period in which 
it supports the body weight while walking (see 
also action of gluteal muscles: Gluteus maximus, 
p. 189; Actions of the gluteus medius and mini- 
mus, p. 196). 


Obturator nerve [L. 2, 3, 4] 


The obturator nerve arises from the lumbar plex- 
us in the abdomen [Fig. 13.11]. It descends me- 
dial to the psoas muscle, on to the lateral wall of 
the lesser pelvis where it lies lateral to the ovary. 
Here it joins the obturator vessels and enters the 
obturator canal. In the obturator canal, it di- 
vides into anterior and posterior branches. The 
anterior branch descends in the thigh, anteri- 
or to the obturator externus and adductor brevis. 
It supplies the adductor longus, adductor brevis, 
gracilis, and the hip joint [Fig. 13.24]. Distal to 
the adductor longus, it enters the adductor canal 
and forms a plexus with branches from the me- 
dial anterior cutaneous nerve of the thigh and 
the saphenous nerve. Through this plexus, it may 
supply parts of the medial side of the thigh. 

The posterior branch supplies and pierces the 
obturator externus and descends between the ad- 
ductors brevis and magnus, supplying both. An 
articular branch passes through the lower part 
of the adductor magnus to the back of the knee 
joint. 


Obturator externus 


This fan-shaped muscle arises from the anterior 
half of the obturator membrane and from the ante- 
rior and inferior margins of the obturator foramen 
[Fig. 13.23]. It passes back curving upwards on the 
inferior and posterior surfaces of the neck of the 
femur, to be inserted into the trochanteric fossa 
[Fig. 13.4]. Nerve supply: posterior branch of the 
obturator nerve. Actions: flexion and lateral rota- 
tion of the thigh. Importantly, it functions as an 
extensile ligament of the hip joint. 


Obturator artery 


The obturator artery is a branch of the internal 
iliac artery. It accompanies the obturator nerve in 
the obturator canal. It divides into branches which 
form an arterial circle on the obturator membrane, 
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deep to the obturator externus. It supplies the ad- 
jacent muscles, the bone, and the hip joint. Its 
articular branch runs through the acetabular 
notch and enters the ligament of the head of the 
femur, sometimes playing a minor role in the sup- 
ply of the femoral head. 


Psoas major and iliacus 


The psoas major and iliacus arise within the ab- 
domen and fuse with each other as they enter 
the thigh, posterior to the inguinal ligament 
[Fig. 13.14], the femoral nerve, and the lateral part 
of the femoral sheath. They are separated poster- 
iorly from the capsule of the hip joint by a bursa 
which may communicate with the joint cavity. 
The muscles pass inferior to the neck of the femur 
and are inserted into the lesser trochanter (psoas) 
and the surface of the femur below it (iliacus). 


Nerve supply: the ventral rami of L. 2 and L. 3. 
Actions: the iliopsoas are the chief flexors of the 
hip joint. If the limb is fixed, it flexes the trunk on 
the thigh. It also produces medial rotation of the 
thigh, because its insertion is lateral to the axis of 
rotation of the femur. 

© Its action is important clinically, because 
spasm of the psoas produces flexion and medial 
rotation of the hip joint—a position taken up by 
the right lower limb in appendicitis when the in- 
flamed appendix causes spasm on the underlying 
right psoas. 

When the neck of the femur is broken, the ilio- 
psoas produces marked lateral rotation of the dis- 
tal segment of the femur (and of the distal part of 
the limb). As a result, the toes of the affected limb 
point laterally in the supine patient. 

See Clinical Applications 13.1 and 13.2. 


CLINICAL APPLICATION 13.1 Femoral hernia 


In the erect position, the weight of the abdominal con- 
tents presses down on the inguinal region. The femoral 
ring forms a point of weakness and may allow the en- 
try of a loop of intestine or other abdominal contents 
into the femoral canal. Such protrusion of abdominal 
contents into the thigh constitutes a femoral hernia. As 
the femoral ring Is limited anteriorly by the inguinal liga- 
ment, any event which stretches the inguinal ligament 
enlarges the femoral ring. This could happen as a result 
of repeated pregnancies that weaken the abdominal 
muscles. Any other condition which chronically raises 
the intra-abdominal pressure, e.g. repeated coughing 
or straining, will also predispose to the development 
of such a hernia. Femoral hernias are more common in 
women. 

When a loop of intestine enters the femoral ring, It car- 
ries the peritoneum covering of the abdominal opening 
of the canal in front of it. The peritoneum forms a her- 
nial sac which descends in the femoral canal and bulges 
forwards through the cribriform fascia into the superfi- 
cial fascia of the thigh. If the sac continues to enlarge, it 
expands superolaterally in the superficial fascia, so that 


the entire hernia becomes U-shaped. This course of the 
hernia should be kept in mind when external pressure 
is applied in an attempt to return the hernial sac and its 
contents to the abdomen. The sac should first be pushed 
down and medially towards the saphenous opening, 
then through the cribriform fascia, and only then should 
an attempt be made to return it through the distended 
femoral canal. 

As the hernial sac expands in the subcutaneous tis- 
sue, the margins of the femoral ring may constrict the 
neck of the sac. This tends to obstruct the passage of 
intestinal contents in the loop of gut and occlude the 
blood vessels to it. This could lead to strangulation of 
the hernia, possibly resulting in gangrene and rupture. 
Surgical reduction of an obstructed or strangulated 
hernia commonly requires division of the lacunar lig- 
ament. Care should be taken in dividing the lacunar 
ligament, as an abnormal obturator artery may lie on 
it. When present, this abnormal artery arises from the 
inferior epigastric artery, instead of the internal iliac ar- 
tery, and commonly crosses the abdominal aspect of 
the lacunar ligament. 


CLINICAL APPLICATION 13.2 Deep tendon reflexes 


The patellar tendon reflex is a deep tendon reflex rou- 
tinely done to test L. 3 and L. 4 segments of the spinal 
cord. The patient sits at the edge of the examination ta- 
ble, with his legs hanging freely. The physician strikes the 
patellar tendon sharply with a reflex hammer. This causes 
the leg to extend at the knee. Mostly, the response is 
evaluated visually by watching for the extension of the 
knee. The contraction of the quadriceps muscle can be 
evaluated by palpation as well. 

The impact of the reflex hammer stretches the patel- 
lar tendon. This triggers sensory nerves that innervate the 
quadriceps to send information from the tendon to the 
spinal cord—segments L. 3 and L. 4. In the spinal cord, 
small internuncial neurons are activated which, in turn, 
stimulate the motor neurons supplying the quadriceps. 
This leads to contraction of the quadriceps and extension 
of the knee 


Some important points about the deep tendon re- 
flexes are: 


1. Sensory fibres relaying the stimulus to the spinal cord 
form the afferent limb of the reflex arc (see the black 
somatic efferent fibre in Fig. 1.5). 


2. The motor fibres supplying the quadriceps form the ef- 
ferent limb (see the blue somatic afferent fibre in Fig. 1.5), 


3. Deep tendon reflexes are withdrawal reflexes involv- 
ing the spinal cord (no involvement from the higher 
centres). 


4. Both afferent and efferent nerves have to be intact for 
the reflex action to occur. 


5. Abnormal reflexes include reflexes that are lost, dimin- 
ished, or heightened (of increased power and/or speed). 


6. Responses are graded using standard criteria. 
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CHAPTER 14 


The gluteal region 


Surface anatomy 





The gluteal region is bound by the iliac crest su- 
periorly, the gluteal fold of the round buttock 
inferiorly, a line joining the anterior superior iliac 
spine to the front of the greater trochanter later- 
ally, and the natal cleft between the buttocks 
medially [Fig. 14.1]. The horizontal gluteal fold is 
due to adherence of the skin to the deep fascia over 
the gluteus maximus, the large buttock muscle 
[Fig. 14.2]. Deep to the lower part of this muscle is 
the ischial tuberosity [Fig. 14.1]. This can be felt 
by pressing your fingers upwards into the medial 
part of the gluteal fold but is most easily identified 
as the rounded bony mass on which you sit. 

The natal cleft begins near the third sacral spine. 
The lower part of the sacrum and the coccyx are 
in its floor. Palpate your own sacrum and coccyx. 
The coccyx can be identified by its relative mo- 
bility. Between the lower part of the sacrum and 
the ischial tuberosity, a deep resistance can be felt 
through the posterior part of the gluteus maximus. 
This is the sacrotuberous ligament. It holds the 
lower part of the sacrum and prevents the upper 
part from being pushed down by the weight of the 
body. 

Trace your iliac crest forwards to the anterior 
superior iliac spine and backwards to the poste- 
rior superior iliac spine. The posterior superior 
iliac spine lies in a skin dimple at the level of the 
second sacral spine. The posterior surface of the 
sacrum lies between the right and left posterior su- 
perior iliac spines. 


Dissection 14.1 looks at the cutaneous nerves in 
the gluteal region. 
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This is dense and contains a lot of fat, especially 
at the upper and lower margins of the gluteus 
maximus. 


Cutaneous nerves 





These reach the gluteal region from all four direc- 
tions—above, below, laterally, and medially. 


1. From above: the lateral cutaneous branches of 
the subcostal (T. 12) and iliohypogastric (L. 1) 
nerves pass downwards, anterior and posterior to 
the tubercle of the iliac crest. They supply the skin 
down to the level of the greater trochanter. 

From below: branches of the posterior cutane- 

ous nerve of the thigh curve over the lower 

border of the gluteus maximus to the posteroinfe- 
rior part of the gluteal region. 

3. From the lateral side: the posterior branch of the 
lateral cutaneous nerve of the thigh (L. 2, 3) 
supplies the anteroinferior part. 

4. From the medial side: cutaneous branches of the 
dorsal rami of L. 1-3, S. 1-3 and the perforat- 
ing cutaneous nerve (S. 2, 3 ventral rami) sup- 
ply the medial and intermediate part. The lumbar 
nerves are long and descend obliquely across the 
region almost to the gluteal fold. The sacral branch- 
es are short. The perforating cutaneous nerve 
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Fig. 14.1 Landmarks and incisions. 


pierces the sacrotuberous ligament and the gluteus 


DISSECTION 14.1 Skin reflection and maximus midway between the coccyx and the 
cutaneous nerves-1 ischial tuberosity [Fig. 14.2]. 
Objective 
|. To reflect the skin and identify the cutaneous nerves. J 
Deep fascia 
Instructions 
1. Make skin incisions 5 and 6 [Fig. 14.1]. Reflect the The deep fascia is thick over the anterior border 
flap of skin and superficial fascia laterally. of the gluteus maximus where the iliotibial tract 
2. Attempt to find the cutaneous nerves of the glu- splits to enclose the muscle. Everywhere else, 
teal region. They are difficult to find because of the fascia is thin over the muscle and thick deep 
the density of the superficial fascia, but it is usu- to it. 
ally possible to identify the branches of the lumbar Dissection 14.2 looks at the gluteus maximus. 


nerves |Fig. 14.2]. 
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Fig. 14.2 Cutaneous nerves on the back of the lower limb. 


DISSECTION 14.2 Gluteus maximus 
Objective 


|. To define the extent of the gluteus maximus. 


Instructions 


1. If any branches of the posterior cutaneous nerve 
of the thigh have been found, follow them back to 
the trunk of the nerve. 


2. Remove the thin deep fascia from the gluteus 
maximus, and define the attachments of the mus- 
cle. (Leave the insertion of the muscle into the 
iliotibial tract intact.) 





This powerful muscle takes origin from: (1) the 
external surface of the ilium behind the posterior 
gluteal line [Fig. 14.3]; (2) the back of the sacrum 
and coccyx; and (3) the sacrotuberous ligament. Its 
fibres run downwards and laterally, and abruptly 
become aponeurotic. This abrupt thinning produc- 
es the hollow of the hip, posterior to the greater 
trochanter of the femur. Fibres of the deeper one- 
fourth of the muscle are inserted into the glu- 
teal tuberosity of the femur [see Fig. 13.22]. 
The remainder are inserted into the iliotibial tract. 
Aponeurotic fibres passing to the iliotibial tract run 
superficial to the greater trochanter and the upper 
part of the vastus lateralis, while the lower part of 
the muscle crosses the ischial tuberosity. The glu- 
teus maximus is separated from all three deeper 
structures (greater trochanter, vastus lateralis, and 
ischial tuberosity) by large bursae. Nerve sup- 
ply: inferior gluteal nerve. Actions: it is a power- 
ful extensor of the hip joint used when strength 
is required, e.g. when the erect position has to be 
regained while lifting heavy weights from the floor. 
It is also used in running and climbing, more espe- 
cially in achieving full extension of the hip joint. It 
acts jointly with the tensor fasciae latae to stabilize 
the pelvis on the thigh (supporting the trunk) in an 
anteroposterior plane. With the tensor fascia latae, 
it extends the knee through the iliotibial tract. 
Dissection 14.3 looks at the gluteal region. 


Structures deep to the gluteus 


maximus 





Begin by studying an articulated pelvis, preferably 
one with the sacrotuberous and sacrospinous liga- 
ments attached [Fig. 14.4]. The sacrotuberous 
ligament passes from the medial side of the is- 
chial tuberosity to the posterior iliac spines. The 
sacrospinous ligament runs from the ischial spine 
to the side of the lower part of the sacrum and coc- 
cyx, deep to the sacrotuberous ligament. These 
two ligaments convert the two sciatic notches into 
foramina—an upper greater sciatic foramen 
and a lower lesser sciatic foramen. The sacros- 
pinous ligament lies edge to edge with the levator 
ani muscle. Together with the muscle of the oppo- 
site side, the levator ani forms the muscular floor 
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Fig. 14.3 Muscle attachments to the outer surface of the right hip bone. 


DISSECTION 14.3 Gluteal region-1 


Objectives 


|. To expose piriformis. Il. To identify and trace the 
superior and inferior gluteal vessels and nerves and 
the posterior cutaneous nerve of thigh. 


Instructions 


1. Cut across the gluteus maximus from its inferior mar- 
gin upwards, 2-3 cm medial to its femoral insertion, 
and reflect it. This is difficult because the vessels (su- 
perior and inferior gluteal) and the inferior gluteal 
nerve enter its deep surface and are easily destroyed 
before they are seen. Avoid this by passing two fin- 
gers deep to the lower edge of the muscle and cutting 
upwards between the fingers to the upper border at a 
point directly superior to the greater trochanter. 


Zee Se CUNeeeh he lateralspalt Of tino msl Tets ine 
sertion, identify the bursae which separate it from the 
greater trochanter and the upper part of the vastus 
lateralis. 


De Reeeh ie tmeGlalOalie@l Mle imMUsélen\cepiclose 16 
the deep surface of the muscle to avoid injury to the 
posterior cutaneous nerve of the thigh [Fig. 14.2]. 


4. Find the inferior gluteal vessels and nerve entering the 


lower part of the muscle. 


5. As the ischial tuberosity is uncovered, look for the bur- 
Sa superficial to the origin of the hamstring muscles. 


6. Identify the piriformis muscle. 


7. Trace the branch of the superior gluteal artery to 
where it emerges between the gluteus medius superi- 
orly and the piriformis inferiorly. 


8. Remove the fascia from the piriformis muscle, and 
trace it to its attachment to the greater trochanter. 


9. Find and follow the posterior cutaneous nerve of the 
thigh upwards to the point where it emerges at the 
lower border of the piriformis. A perineal branch of 
this nerve curves medially, below the ischial tuberosity, 
towards the perineum. 
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Fig. 14.4 Dorsal view of the pelvic ligaments and the hip joint. 


of the pelvis and separates the pelvis above from 
the perineum below. The greater sciatic foramen 
(which lies superior to the ischial spine) leads from 
the gluteal region into the pelvis. The lesser sciatic 
foramen (which lies inferior to the ischial spine) 
leads from the gluteal region into the perineum. 
This arrangement allows for structures to pass bet- 
ween the gluteal region and the pelvis through the 
greater sciatic foramen, and between the gluteal 
region and the perineum through the lesser sciatic 
foramen. 

Vessels and nerves which enter the gluteal region 
from the pelvis may: (1) remain in the gluteal re- 
gion; (2) descend into the back of the thigh; or (3) 
enter the perineum by turning forwards through 
the lesser sciatic foramen. Structures remaining 
in the gluteal region include the gluteal vessels 
and nerves. Structures descending to the back of 
the thigh include the sciatic nerve, the posterior 
cutaneous nerve of the thigh, and branches of the 
inferior gluteal vessels. Structures entering the peri- 
neum are the internal pudendal vessels, the puden- 
dal nerve, and the nerve to the obturator internus. 
The lesser sciatic foramen also allows passage of the 
obturator internus from the lateral wall of the 
perineum into the gluteal region. 
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Sacrotuberous ligament 


The sacrotuberous ligament passes upwards from 
the medial side of the ischial tuberosity to the 
margins of the sacrum and coccyx, and to the pos- 
terior superior and inferior iliac spines of the hip 
bone. The lateral edge of the ligament forms the 
posteromedial border of the greater and lesser sci- 
atic foramina. The medial edge forms the posterior 
boundary of the perineum. The ligament holds 
down the posterior part of the sacrum and prevents 
the weight of the body from depressing the ante- 
rior part [Fig. 14.5]. When the loading on the ante- 
rior part of the sacrum is severe, e.g. in landing on 
the feet when jumping from a height, the ligament 
gives resilience by allowing slight movement at the 
sacro-iliac joint. 


Sacrospinous ligament 


This thick, triangular band is the aponeurotic pos- 
terior surface of the coccygeus muscle. It passes 
from the spine of the ischium to the margin of the 
coccyx and of the last piece of the sacrum, deep to 
the sacrotuberous ligament. 

Dissection 14.4 continues to explore the gluteal 
region. 
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Fig. 14.5 Diagram to show the forces applied to the sacrum due 
to the weight of the body acting through the vertebral column 
(thick straight arrow). Note how the sacrotuberous ligament 

(2) will act as a shock absorber, permitting only slight movement 
of the sacrum at the sacro-iliac joint around its axis of movement 
(1). This causes the lower part of the sacrum to swing upwards 
(thick curved arrow). 


Inferior gluteal nerve (L. 5; S. 1, 2) 


This branch of the sacral plexus enters the gluteal 
region with the posterior cutaneous nerve of the 
thigh, inferior to the piriformis. It breaks into a 
number of nerves which enter the deep surface of 
the gluteus maximus—the only structure it sup- 
plies [Figs. 14.6, 14.8]. 


Inferior gluteal artery 


This branch of the internal iliac artery emerges from 
the pelvis below the piriformis. It sends large branch- 
es into the deep surface of the gluteus maximus and 
cutaneous branches to the buttock and to the back 
of the thigh with the posterior cutaneous nerve of 
the thigh. The artery also gives rise to the slender 
companion artery of the sciatic nerve and 
anastomoses with the circumflex femoral arteries. 


DISSECTION 14.4 Gluteal region-2 


Objectives 


|. To expose the sciatic nerve and its branches. Il. To 
identify the nerve to the obturator internus, the internal 
pudendal artery, pudendal nerve, nerve to the quadratus 
femoris and gemelli, and the medial circumflex femoral 
artery. III. To identify the tendon of the obturator inter- 
nus, superior and inferior gemelli, quadratus femoris, and 
adductor magnus. 


Instructions 


]. Find the large sciatic nerve, as it emerges from 
the pelvis at the lower border of the piriformis. 
Carefully split the fascia surrounding the nerve. 
Trace the nerve downwards to where it gives 
branches to the hamstring muscles near the ischial 
tuberosity. The vessels running with these branches 
arise from the medial circumflex femoral artery 
[Figs. 14.6, 14.7]. 


2. Push the upper part of the sciatic nerve laterally to 
expose the posterior surface of the acetabulum. 


3. Find the slender nerve to the quadratus femoris. 


4. Medial to the upper part of the sciatic nerve, identify 
the ischial spine and the sacrospinous ligament. The 
ligament can be felt as a tough resistance medial to 
the spine. On the surface of the spine and ligament, 
find the nerve to the obturator internus, the internal 
pudendal vessels, and the pudendal nerve. 


5. Remove the fascia from the muscles deep to the 
sciatic nerve. From above downwards, these are 
[Figs. 14.6, 14.7]: (1) the tendon of the obturator in- 
ternus overlapped by the superior and inferior ge- 
melli; separate the gemelli, and expose the tendon; 
follow the tendon to the greater trochanter; (2) the 
quadratus femoris passing from the ischial tuberosity 
to the back of the femur; and (3) the posterior sur- 
face of the adductor magnus. 


6. Find and trace the branches of the medial circumflex 
femoral artery which appear both above and below 
the quadratus femoris [see Figs. 13.24, 14.6]. 


7. Inferior to this, the first perforating artery (a branch 
of the profunda femoris) may be found piercing the 
adductor magnus, close to the gluteal tuberosity of 
the femur [Fig. 14.7]. 


8. Separate the gemellus inferior from the quadratus 
femoris. 


9. Lift the gemelli and obturator internus, and cut across 
them, lateral to the nerve to the quadratus femoris. 


10. Follow the nerve to the quadratus femoris and its 
branch to the inferior gemellus. 


11. Separate the quadratus femoris from the adductor 
magnus, and remove the quadratus femoris to expose 
the lesser trochanter of the femur, the medial circum- 
flex femoral artery, the posterior part of the capsule of 
the hip joint, and the tendon of the obturator externus. 
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Fig. 14.6 Dissection of the left gluteal region. The gluteus maximus and gluteus medius have been removed, and the quadratus femoris 
has been reflected. In the specimen, the inferior gluteal artery was medial to the internal pudendal, instead of lateral to it. 


Sciatic nerve [L. 4, 5; S. 1, 2, 3] 


This is the thickest nerve in the body. It arises from 
the sacral plexus and passes through the lower part 
of the greater sciatic foramen into the gluteal re- 
gion. It lies deep to the gluteus maximus. From 
above downwards, it lies on the: (1) ischial wall 
of the acetabulum and the nerve to the quadratus 
femoris; (2) obturator internus muscle with the two 
gemelli; (3) quadratus femoris [Fig. 14.6]. At this 
level, one or more nerves leave its medial side to 
supply the hamstring muscles. The sciatic nerve 
then enters the thigh on the posterior surface of 
the adductor magnus [Fig. 14.7] and descends 
between it and the hamstring muscles. The sciatic 
nerve usually ends halfway down the back of the 
thigh by dividing into the common fibular and 
tibial nerves. The point of division of the sciatic 
nerve is variable. If it occurs before the nerve leaves 
the pelvis, the tibial nerve emerges below the piri- 
formis while the common fibular nerve pierces that 
muscle. 


Pudendal nerve, internal pudendal 
artery, and nerve to the obturator 
internus 


These three structures enter the gluteal region 
through the lowest part of the greater sciatic fo- 
ramen. They lie on the posterior surface of the 
junction of the ischial spine and the sacrospinous 
ligament, with the pudendal nerve most medial, 
lateral to it the artery and the nerve to the obtura- 
tor internus. They turn forwards immediately and 
enter the perineum through the lesser sciatic fora- 
men [Fig. 14.6]. 


Small muscles on the back of 
the hip joint 


The piriformis takes origin from the pelvic sur- 
face of the middle three pieces of the sacrum. It 
passes through the greater sciatic foramen and is 
inserted into the upper border of the greater tro- 
chanter of the femur [see Fig. 13.21], immediately 
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Fig. 14.7 Dissection of the gluteal region and the back of the thigh. 


lateral to the tendon of the obturator internus. 
Nerve supply: branches of the first and second 
sacral nerves in the pelvis. 

The obturator internus is a large, fan-shaped 
muscle which arises from the pelvic surface of the 
obturator membrane and most of the bone sur- 
rounding the foramen [Fig. 14.9]. The muscle fibres 
converge posteriorly to the lesser sciatic foramen, 
turn sharply over the lesser sciatic notch, and run 
laterally to be inserted into the upper medial part 
of the greater trochanter [see Fig. 13.21]. The ten- 
don is separated from the notch by a bursa. The 
levator ani muscle—which separates the pelvis 
from the perineum—arises from the fascia cover- 
ing the pelvic surface of the obturator internus. As 
such, the obturator internus is in the lateral wall of 
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both the pelvis and the perineum. Nerve supply: 
nerve to the obturator internus (L. 5; S. 1, 2). 

The gemelli are continuations of the muscu- 
lar part of the obturator internus on either side of 
its tendon. They arise from the superior and in- 
ferior margins of the lesser sciatic notch and are 
inserted into the posterior surface of the tendon. 
Nerve supply: superior gemellus from the nerve 
to the obturator internus; inferior gemellus from 
the nerve to the quadratus femoris. 

The quadratus femoris originates from the 
lateral margin of the ischial tuberosity and is in- 
serted into the back of the greater trochanter of the 
femur in the region of the quadrate tubercle [see 
Fig. 13.22]. The muscle lies between the inferior 
gemellus and the superior margin of the adductor 
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Fig. 14.8 Diagram of the sacral plexus. Ventral divisions, light 
orange; dorsal divisions, yellow. 
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Fig. 14.9 The medial aspect of the right hip bone. Muscle attach- 
ments, red; ligament attachments and cartilage, blue. 


magnus. Nerve supply: nerve to the quadratus 
femoris (L. 4, 5; S. 1). 


Medial circumflex femoral artery 


This artery arises from the profunda femoris (or 
femoral) artery in the femoral triangle. It passes 


backwards between the pectineus and iliopsoas, 
and then inferior to the obturator externus and 
the hip joint, above the adductor muscles [see 
Fig. 13.24]. It sends muscular branches down 
between the adductor muscles, a branch to the 
acetabulum, and anastomoses with the obtura- 
tor artery. Posteriorly, the artery divides into 
an ascending branch which runs to the tro- 
chanteric fossa with the tendon of the obtura- 
tor externus and a transverse branch to the 
hamstring muscles. The transverse branch anas- 
tomoses with: (1) the terminal part of the trans- 
verse branch of the lateral femoral circumflex 
artery; (2) the inferior gluteal artery; and (3) the 
first perforating artery to take part in the cruci- 
ate anastomosis. The ascending branch anas- 
tomoses with branches of both gluteal arteries 
and sends branches to the neck of the femur. 
These branches supply a large part of the femo- 
ral head. 

Dissection 14.5 continues with dissection of the 
gluteal region. 





This powerful muscle arises from the ilium be- 
tween the anterior and posterior gluteal lines 
[Fig. 14.3]. It is overlapped posteriorly by the glu- 
teus maximus and anteriorly by the tensor fasciae 
latae. Between these muscles, it is felt in the living 
through the skin and iliotibial tract. To check this 
on yourself, feel it contracting when the opposite 
foot is raised from the ground. The flattened ten- 
don is inserted into the posterosuperior angle of 
the greater trochanter and the oblique ridge on its 
lateral surface [see Fig. 13.22]. A small bursa lies 
between the tendon and the trochanter in front 
of the insertion. Nerve supply: superior gluteal 
nerve. 


This thick muscle arises from the ilium between 
the anterior and inferior gluteal lines [Fig. 14.3]. It 
is inserted into the front of the greater trochanter 
[see Fig. 13.21] and fuses with the fibrous capsule 
of the hip joint. A bursa separates the tendon from 
the upper anterior part of the trochanter. Nerve 
supply: superior gluteal nerve. 
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DISSECTION 14.5 Gluteal region-3 


Objectives 


|. To expose the gluteus medius and minimus muscles. 
Il. To identify and trace the superior gluteal nerves and 
vessels. 


Instructions 


1. Remove the fascia from the superficial surface of the 
gluteus medius, and define its attachments. 


2. Lift the inferior border of the gluteus medius away 
from the piriformis, and define the plane of separa- 
tion between it and the gluteus minimus beneath. 
Separate the muscles from behind forwards by push- 
ing your fingers between them. 


Actions of the gluteus medius and 


minimus 





These muscles abduct the thigh when the limb 
is free to move. When the limb is supporting the 
weight of the body, their action is reversed, and 
they tilt the pelvis on the hip joint, so that the op- 
posite foot can be raised from the ground. While 
walking, their contraction prevents the pelvis from 
sagging to the unsupported side when that foot 
is raised from the ground. When the glutei are 
paralysed and the opposite foot is raised from the 
ground, the weight of the body has to be moved lat- 
erally on the supporting limb by flexing the trunk 
to that side. Ə Bilateral paralysis of these muscles 
(or bilateral congenital dislocation of the hip joints 
which prevents the muscles from acting) produces 
a waddling gait, in which the trunk is flexed from 
side to side with each step. See Clinical Application 
14.2. The anterior fibres of both these muscles are 
also medial rotators of the thigh. 


Superior gluteal nerve (L. 4, 5; S. 1) 


This branch of the sacral plexus enters the gluteal 
region through the greater sciatic foramen above 
the piriformis [Figs. 14.6, 14.8]. It runs between 
the gluteus medius and minimus, and divides into 
a number of branches. The upper branches enter 
the gluteus medius. The lowest branch crosses the 


3. Cut across the gluteus medius, 5 cm above the greater 
trochanter, and reflect its parts. Confirm its insertion. 
Find the bursa between the tendon of insertion and 
the greater trochanter. 


4. Find the branches of the superior gluteal vessels and 


nerve, deep to the upper part of the muscle. Trace 
these between the gluteus medius and minimus to 
the deep surface of the tensor fasciae latae. Here the 
artery anastomoses with the ascending branch of the 
lateral femoral circumflex artery, and the nerve enters 
and supplies the tensor. 


minimus, gives small branches to the gluteus me- 
dius and minimus, and supplies the tensor fasciae 
latae. 


Superior gluteal artery 


This artery arises from the posterior division of the 
internal iliac artery and enters the gluteal region 
with the corresponding nerve. Here it divides into 
a superficial and deep branch. The superficial 
branch passes between the gluteus medius and 
piriformis to supply the gluteus maximus. The 
deep branch divides and runs with the branches 
of the superior gluteal nerve to supply the gluteus 
medius and minimus, the hip joint, and the ten- 
sor fasciae latae. It ends by anastomosing with the 
ascending branch of the lateral circumflex femoral 
artery. Together, they give branches to the neck 
and greater trochanter of the femur. 


Anastomosis between branches 
of the internal and external iliac 
arteries 


The many anastomoses between branches of the 
internal iliac and external iliac (or femoral) ar- 
teries are listed: (1) The important cruciate anas- 
tomosis occurs between the medial femoral cir- 
cumflex artery, the obturator artery, the superior 
and inferior gluteal arteries, the lateral circum- 
flex femoral artery, and the perforating branches 


of the profunda femoris. (2) The superior gluteal 
artery anastomosis with the lateral femoral cir- 
cumflex artery, and the superficial circumflex 
iliac artery. (3) In the perineum, the internal 
pudendal artery anastomosis with the deep and 
superficial external pudendal branches of the 
femoral artery. (4) In the abdomen, the external 
iliac artery may anastomose with, or form, the 
obturator artery. In addition, the external iliac 
artery may communicate with the subclavian ar- 
tery through an anastomosis between the supe- 
rior and inferior epigastric arteries in the anterior 
abdominal wall. 

Dissection 14.6 continues with dissection of the 
gluteal region. 

See Clinical Applications 14.1 and 14.2 for the 
practical implications of the anatomy discussed in 


this chapter. 


CLINICAL APPLICATION 


A 39-year-old man with a respiratory infection was given 
an intragluteal injection of penicillin on the right side. The 
next day, he developed numbness and tingling in his right 
leg down to the toes, and later the same day he devel- 
oped a foot drop (inability to dorsiflex his foot). On ex- 
amination, he was found to have significant sensory and 
motor loss in his right leg. 

Study question 1: what is the most likely cause for the 
neurological symptom? (Think of the nerves supplying 
the lower limb and the likely nerve affected, given this 
history.) (Answer: injury to the sciatic nerve sustained 
during the intragluteal antibiotic injection.) 


DISSECTION 14.6 Gluteal region-4 
Objective 


|. To complete exposure of the capsule of the hip 
joint. 


Instructions 


1. Detach the gluteus minimus from its origin, and 
turn it downwards. Separate it inferiorly from the 
fibrous capsule of the hip joint, and examine this 
part of the capsule. 


2. Find the tendon of the rectus femoris attached to 
the anterior inferior iliac spine. Follow the tendon 
to its reflected head. Trace the reflected head to its 
attachment on a groove immediately above the 
margin of the acetabulum. 


14.1 Intragluteal injection 


Study question 2: What is the surface marking of the 
sciatic nerve in the gluteal region? (Answer: a line joining 
two points: (1) the midpoint between the ischial tuberos- 
ity and the posterior inferior iliac spine; and (2) a point 
1. cm medial to the midpoint of a line joining the ischial 
tuberosity to the greater trochanter.) 

Study question 3: what is the standard rule for intraglu- 
teal injections, and was it followed in this case? (Answer: 
intragluteal injections should be given in the upper lateral 
quadrant of the buttocks. The rule was not followed in 
this case.) 


CLINICAL APPLICATION 14.2 Gluteus medius gait 


Stabilizing the hip, when one foot is off the ground, re- 
quires abduction of the opposite (supporting) hip. When 
the left foot is raised off the ground, the right abductors 
act to: (1) prevent the pelvis from sagging to the left side; 
and (2) create space to swing the left foot in taking a 
forward step. If the hip abductors—gluteus medius and 
minimus—are weak or paralysed, the patient is unable to 
stabilize the hip when standing on one leg or in walking. 

Trendelenburg's sign: is elicited by asking the patient to 
stand on one leg. When the sign is positive, the pelvis is 
seen to sag to the unsupported side. It indicates damage 


to the superior gluteal nerve or to the gluteus medius and 
minimus. 

Trendelenburg's gait: is an abnormal gait adopted by a 
patient who is unable to abduct the hip. When the op- 
posite foot is off the ground, the patient compensates 
for the tendency to fall on the unsupported side (due to 
lack of stability in the supporting hip) by leaning laterally 
to the affected side. A person with this gait will be seen 
lurching towards the weakened side every time the op- 
posite foot is raised. If both hips are affected, the person 
will have a ‘waddling gait’. 


Actions of the gluteus medius and minimus 
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CHAPTER 15 


The popliteal fossa 





The popliteal fossa is an intermuscular space behind 
the knee, posterior to the lower third of the femur, 
the knee joint, and the upper part of the tibia. It 
forms a hollow when the knee is flexed, as the ten- 
dons which form its boundaries stand out from the 
femur. The fossa bulges slightly when the knee is 
straight. 

Review the major palpable structures around the 
knee joint by examining your own knee. Find the 
tendon of the biceps femoris behind the lat- 
eral condyle of the femur. With the knee extended, 
press your finger against the posterior surface of 
the lateral condyle, immediately medial to the bi- 
ceps tendon, and move the finger from side to side. 
The common fibular nerve can be felt in this 
location as a rounded cord. Follow the tendon of 
the biceps to the head of the fibula, and repeat the 
process on the back of the head. The same nerve 
can be felt again. Slide the finger down to the pos- 
terolateral side of the neck of the fibula. Move the 
finger up and down, maintaining some pressure to 
feel the nerve on the fibular neck. In all these posi- 
tions, the common fibular nerve may be damaged 
by an injury to the bone. 

With the knee flexed and the lateral side of the 
foot pressed against the floor, feel the fibular 
collateral ligament of the knee joint—a firm 
resistance between the head of the fibula and the 
lateral femoral condyle. 

Place a finger in the middle of the popliteal fossa, 
with the knee bent. Press firmly, and feel the pul- 
sations of the popliteal artery. In the lower part of 
the fossa, the two heads of the gastrocnemius form 
rounded swellings which merge inferiorly in the calf. 


Immediately above the popliteal fossa, the back 
of the thigh is smooth and rounded. But the distal 
part of the belly of the semimembranosus may be 
seen to bulge near the midline, as it contracts in 
walking [Fig. 15.1]. 

Dissection 15.1 explores the popliteal region. 


DISSECTION 15.1 Skin reflection, 
and cutaneous nerves and vessels of the 
popliteal region 


Objective 


|. To identify and trace the posterior cutaneous nerve 
of the thigh, the short saphenous vein, and the sural 
nerve in the roof of the popliteal fossa. 


Instructions 


1. Make skin incision 7 [see Fig. 14.1], and reflect the 
skin flaps, leaving the superficial fascia intact. Strip 
the superficial fascia from the deep fascia, starting 
proximally. 


2. Look for branches of the posterior cutaneous 
nerve of the thigh piercing the deep fascia in the 
proximal part of the fossa. 


3. Look for the short saphenous vein, with the ter- 
minal part of the posterior cutaneous nerve in the 
distal part of the fossa. 


4. Follow the medial anterior cutaneous nerve of 
the thigh downwards in the posteromedial part 
of the calf [see Fig. 14.2]. 


5. The fibular communicating nerve (a branch of the 
common fibular nerve) may be found in the lower 
lateral part of the popliteal area. It may pierce the 
deep fascia at a much lower level, in which case it 
will be found later. 
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Soleus 


Fibular communicating N. 


Fig. 15.1 Left popliteal region after removal of the deep fascia. 


Fascia of the popliteal region 





There is relatively little fat in the superficial fascia. 
The deep fascia, though thin, is strong and firmly 
bound to the tendons which form the boundaries 
of the popliteal fossa. 





Boundaries of the popliteal fossa 


The popliteal fossa is a narrow space between the di- 
verging hamstring muscles superiorly and the con- 
verging heads of the gastrocnemius inferiorly. When 
dissected, the popliteal fossa is a diamond-shaped 
space. The fossa has four boundaries: upper lateral, 
upper medial, lower lateral, and lower medial. The 
biceps femoris forms the upper lateral boundary. 
The semimembranosus and semitendinosus form 
the upper medial boundary. The gracilis, sartorius, 
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and tendon of the adductor magnus lie close to 
the semimembranosus and semitendinosus as they 
approach the knee. The two lower boundaries are 
the two heads of the gastrocnemius. The space be- 
tween the boundaries is narrow, and only a small 
part of the popliteal vessels just above the knee joint 
is not covered by muscles. The posterior wall of the 
fossa is the deep fascia. Its anterior wall is the pop- 
liteal surface of the femur, the capsule of the knee 
joint, and the fascia covering the popliteus. 

Dissection 15.2 describes the dissection of the 
popliteal fossa. 





Contents of the popliteal fossa 


The popliteal fossa has the branches of the sciatic 
nerve and the popliteal vessels running through 
it. These vessels lie close to the posterior surface 
of the knee joint and are minimally affected by its 


DISSECTION 15.2 Popliteal fossa 


Objectives 


|. To identify and define the muscles and tendons form- 
ing the boundaries of the popliteal fossa. II. To identify 
the plantaris. Ill. To identify and trace the tibial nerve, 
common fibular nerve, posterior cutaneous nerve of 
the thigh, and the popliteal artery and its branches. 


IV. To trace the short saphenous vein to the popliteal vein. 


Instructions 


1. Cut through the deep fascia along the biceps femoris. 
Expose the muscle and its tendon to the insertion. 


2. Make a similar incision over the semitendinosus 
and semimembranosus. Follow the tendon of the 
semitendinosus to the medial surface of the tibia, 
then lift the semimembranosus, and follow it distally 
to the tibia. Find the bursa between the semimem- 
branosus and the medial head of the gastrocnemius. 


3. Find and follow the gracilis and its tendon. As you 
free the gracilis from the posterior surface of the sar- 
torius, look for the saphenous nerve which emerges 
between them. Follow the nerve down with the long 
Saphenous vein. 


4. Follow the posterior cutaneous nerve of the thigh 
upwards to the upper angle of the popliteal fossa. 
Strip the deep fascia from the posterior surface of 
the popliteal fossa, and remove the fat from its up- 
per angle to expose the tibial nerve. Follow this large 
nerve down. 


5. Find the branches of the tibial nerve [Figs. 15.2, 
15.3]. The cutaneous branch—the sural nerve—lies 
between the two heads of the gastrocnemius. There 
are three articular branches to the knee joint— 
superior medial, inferior medial, and middle genicu- 
lar. The superior arises near the upper angle of the 
fossa, and the others below this. Trace them as 
far as possible. The muscular branches to the gas- 
trocnemius, plantaris, soleus, and popliteus arise near 


movements. They are the continuation of the fem- 
oral vessels which enter or leave the fossa through 
the tendinous opening in the adductor magnus. 
In the fossa, the tibial nerve runs with the vessels in 
the centre of the fossa. The common fibular nerve 
deviates laterally and runs along the medial side 
of the biceps femoris. The fossa also contains the 


the middle of the fossa. Separate the heads of the 
gastrocnemius, and follow these branches as far as 
possible. 


6. Find the common fibular nerve, medial to the ten- 
don of the biceps femoris. Trace the nerve proxi- 
mally to the upper angle of the fossa and distally to 
the back of the head of the fibula. Find the superior 
lateral and inferior lateral genicular branches. They 
arise near the upper limit of the fossa. The superior 
lateral genicular leaves the fossa above the lateral 
femoral condyle. The inferior lateral genicular ac- 
companies the trunk of the nerve. The fibular com- 
municating nerve and the lateral cutaneous nerve of 
the calf arise near the lateral angle of the fossa. Fol- 
low these branches downwards. 


7. Remove the fascia from the heads of the gastrocne- 
mius. Identify and separate the plantaris from the pos- 
teromedial surface of the lateral head, but avoid injury 
to the nerve to the lateral head of the gastrocnemius 
which passes between them. 


8. Lift the upper part of the tibial nerve from the pop- 
liteal vessels. The vein is posterolateral to the artery, 
with the genicular branch of the obturator nerve 
in the groove between them. If this nerve is found, 
trace It proximally and distally. 


9. Remove the fascia from the popliteal vein, the 
popliteal artery, and the venous channels which 
run on it. Remove these venous channels to expose 
the artery, but retain the short saphenous vein. 


10. Find the large muscular branches of the popliteal 
artery, and divide these. They pass with the nerves to 
the muscles. Gently scrape the fat from the popliteal 
surface of the femur, and find the genicular branches 
of the artery [Fig. 15.4]. Follow the lateral and medial 
superior and inferior genicular arteries and the mid- 
dle genicular artery piercing the posterior capsule of 
the knee joint. 


popliteal lymph nodes close to the vessels. They 
drain the deep tissues of the leg, foot, and knee. 
They also receive superficial lymph vessels from 
the lateral side of the foot, heel, and back of the 
calf, and lymph vessels that run along the short sa- 
phenous vein. These lymph vessels pierce the deep 
fascia over the lower part of the popliteal fossa. 


Contents of the popliteal fossa 
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Fig. 15.3 Dissection of the left popliteal fossa. The two heads of the gastrocnemius and portions of the semimembranosus and semiten- 
dinosus have been removed. 
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Fig. 15.4 Left popliteal artery and its branches. 


The posterior cutaneous nerve of the thigh 
passes through the fossa, immediately deep to the 
deep fascia. It gives branches to the overlying skin 
and enters the superficial fascia with the short sa- 
phenous vein. 


Tibial nerve (L. 4, 5; S. 1, 2, 3) 





The tibial nerve is the larger of the two terminal 
branches of the sciatic nerve and arises in the 
middle of the back of the thigh. It runs vertically 
through the popliteal fossa, posterior to the pop- 
liteal vessels [Fig. 15.2]. The tibial nerve supplies 
the muscles of the back of the leg and the sole of 
the foot, and the skin of the lower half of the back 
of the leg and the lateral side and sole of the foot. 


Branches in the popliteal fossa 


The sural nerve is a cutaneous nerve. It arises in 
the middle of the fossa and descends between the 
heads of the gastrocnemius. It pierces the deep fas- 
cia about the middle of the back of the leg, and 
supplies the skin on the back of the leg and along 
the lateral side of the dorsum of the foot up to the 
little toe. 


Muscular branches arise in the distal part of the 
fossa and pass to the gastrocnemius, plantaris, so- 
leus, and popliteus. The nerve to the soleus passes 
between the lateral head of the gastrocnemius and 
the plantaris to enter the superficial surface of the 
soleus. The nerve to the popliteus descends over 
the muscle and curves around its inferior border 
to reach its anterior surface. This nerve also sup- 
plies the superior tibiofibular joint and sends 
branches to the interosseous membrane. 

Articular branches arise in the upper part of the 
fossa. They descend to join the corresponding arter- 
ies [Fig. 15.4]. The superior medial genicular 
nerve runs above the medial condyle of the femur, 
deep to the muscles. The middle genicular nerve 
pierces the posterior capsule of the knee joint and 
supplies the structures in the intercondylar notch 
of the femur. The inferior medial genicular 
nerve runs inferomedially on the upper border of 
the popliteus and forwards, deep to the superficial 
part of the tibial collateral ligament of the knee. 


Common fibular nerve (L. 4, 5; S. 1, 2) 





The common fibular nerve is the smaller of the two 
terminal branches of the sciatic nerve [Figs. 15.2, 
15.3]. It supplies the muscles on the lateral and an- 
terior sides of the leg and the dorsum of the foot, 
and the skin on the lateral side of the leg and the 
greater part of the dorsum of the foot. The com- 
mon fibular nerve runs along the medial border of 
the biceps femoris to the back of the head of the 
fibula and curves around the neck of the fibula, 
deep to the upper fibres of the fibularis longus mus- 
cle. At the neck of the fibula, it ends by dividing 
into superficial and deep fibular nerves. 


Branches in the popliteal fossa 


Cutaneous branches: the fibular communicat- 
ing nerve arises in the upper part of the popliteal 
fossa. It joins the sural nerve at a variable level [see 
Fig. 14.2]. The lateral cutaneous nerve of the 
calf arises on the lateral head of the gastrocnemi- 
us. It supplies the skin on the lateral side of the 
upper half of the leg. 

Articular branches: the superior and inferior 
lateral genicular nerves are small. They accom- 
pany the corresponding arteries to the knee joint 
[Fig. 15.4]. The recurrent genicular nerve also 
supplies the knee joint. 


Common fibular nerve (L. 4, 5; S. 1, 2) 
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Genicular branch of the obturator 


nerve 





This slender continuation of the posterior branch 
of the obturator nerve pierces the distal part of the 
adductor magnus, descends on the popliteal artery, 
and pierces the posterior surface of the fibrous cap- 
sule of the knee joint to supply it. 


Popliteal artery 


The popliteal artery begins at the tendinous open- 
ing in the adductor magnus and is the continu- 
ation of the femoral artery. It ends at the lower 
border of the popliteus muscle by dividing into 
anterior and posterior tibial arteries. The artery 
lies on the anterior wall of the popliteal fossa. From 
above downwards, it is anterior to the semimem- 
branosus, popliteal vein, tibial nerve, gastrocnemi- 
us, and plantaris [Figs. 15.2, 15.3, 15.4]. 


Branches 


Muscular branches pass to the lower parts of the 
hamstring muscles and to the upper parts of the 
muscles of the calf. These are large and give rise to 
cutaneous branches, one of which accompanies 
the sural nerve. The hamstring branches anastomose 









Deep fascia 


Vastus medialis 


superiorly with the perforating branches of the 
profunda femoris artery. 

The superior, inferior, and middle genicular 
arteries lie on the anterior wall of the popliteal fossa 
[Fig. 15.4]. The popliteal artery is the only significant 
route through which blood can reach the leg and foot 
from the thigh. It may be compressed when sitting on 
a hard edged seat or with the legs crossed. © When 
obliterative arterial disease affects the popliteal artery, 
blood supply to the large muscles of the leg is seri- 
ously compromised. This results in ischaemic pain in 
muscles on exercise, which is relieved by rest—a con- 
dition known as intermittent claudication. 


Popliteal vein 


The popliteal vein is formed by the union of the 
anterior and posterior tibial veins at the lower bor- 
der of the popliteus. The vein ascends on the pos- 
terior surface of the popliteal artery. The tributaries 
of the popliteal vein correspond to the branches of 
the artery. It also receives the short saphenous 
vein. Open the popliteal vein, and note its numer- 
ous valves. Fig. 15.5 is a cross-section through the 
lower part of the thigh, showing the upper bound- 
aries and contents of the popliteal fossa. 

Clinical Applications 15.1 and 15.2 demonstrate 
the practical implications of the anatomy described 
in this chapter. 
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Fig. 15.5 Transverse section through the proximal part of the popliteal region of the thigh. A = anterior; P = posterior; M = medial; 


L = lateral. 


Image courtesy of the Visible Human Project of the US National Library of Medicine. 


CLINICAL APPLICATION 15.1 Closed supra- 
condylar femoral fracture 


A 25-year-old man suffered a closed supracondylar 
fracture of the femur. Because the popliteal artery is 
closely applied to the popliteal surface of the femur 
and the joint capsule, fractures of the distal femur 
may rupture the artery, resulting in haemorrhage. 
A computed tomography angiography was done 
to rule out damage to the popliteal artery and its 
branches [Fig. 15.6]. 
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Fig. 15.6 Computed tomography angiogram of the popliteal 
artery showing the undamaged artery close to the fracture. 


CLINICAL APPLICATION 15.2 Popliteal pulse and popliteal aneurysm 


The rhythmical throbbing of arteries produced by the 
regular contractions of the heart can be felt at a number 
of peripheral locations. The popliteal pulse is palpable in 
the popliteal fossa by pressing the artery against the an- 
terior surface of the fossa. It is especially important, as a 
strong popliteal pulse is an indicator of good blood flow 
to the distal parts of the lower limb. Because the popliteal 
artery is deep, it may be difficult to feel the pulsations. 
Palpation is commonly performed with the person in the 


prone position, with the knee flexed to relax the popliteal 
fascia and hamstrings. 

A popliteal aneurysm is an abnormal thinning of the 
wall of the popliteal artery and dilatation of the vessel. It 
presents as a pulsatile swelling and should be differenti- 
ated from a popliteal cyst or a Baker's cyst. A popliteal 
cyst is an outpouching of the synovial membrane from 
the bursa between the medial head of the gastrocnemius 
and the semimembranosus tendon. 


Popliteal vein 
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CHAPTER 16 


The back of the thigh 





Introduction 


This chapter begins with Dissection 16.1. 


Posterior cutaneous nerve of the 





thigh (S. 1, 2, 3) 


The posterior cutaneous nerve leaves the pelvis 
through the lower part of the greater sciatic fora- 
men, close to the inferior gluteal vessels and nerve. 
In the gluteal region, it is deep to the gluteus maxi- 
mus and lies on the sciatic nerve. It then runs down 
the middle of the back of the thigh, immediately 


deep to the deep fascia, and is separated from the 
sciatic nerve by the long head of the biceps. It 
pierces the deep fascia at the back of the knee and 
supplies the skin as far as the middle of the back of 
the calf [see Fig. 14.2]. 


Branches 


All branches are cutaneous: (a) in the gluteal 
region—it gives (1) the gluteal branches which curve 
around the lower border of the gluteus maximus 
and supply a small area of skin in the lower part of 
the buttock; and (2) a perineal branch which turns 
medially across the back of the hamstring muscles 
to the perineum. The perineal branch supplies the 
skin on the upper medial side of the thigh and the 


DISSECTION 16.1 Back of the thigh-1 


Objectives 


I. To reflect the skin and deep fascia on the back of 
the thigh. 
branches. 


Il. To expose the sciatic nerve and trace its 
Ill. To identify and study the semimembra- 
nosus, semitendinosus, and biceps femoris. 


Instructions 


1. Make a vertical incision through the skin remaining 
on the back of the thigh. Strip the skin and superficial 
fascia from the deep fascia by blunt dissection. Look 
for the branches of the posterior cutaneous nerve of 
the thigh as you do so. 


2. Find and follow the branches of the medial anterior 
and lateral cutaneous nerves of the thigh into this 
region [see Fig. 14.2]. 


3. Divide the deep fascia vertically. Find the posterior 
cutaneous nerve of the thigh, and trace it to the 
gluteal region. 


4. Remove the fascia from the posterior surfaces of the 


hamstring muscles. 


5. Follow the sciatic nerve down from the gluteal 
region. Trace its branches into the hamstring muscles, 
including the short head of the biceps and adductor 
magnus. Find the branches of the perforating arteries 
which run with the nerves. 


6. Separate the hamstring muscles from each other, and 
trace them to their attachments. 
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external genital organs; (b) in the thigh and leg: 
numerous small branches to the medial side and 
back of the thigh, and the upper half of the poste- 
rior surface of the leg [see Fig. 14.2]. 





Flexor muscles 


These muscles form a mass on the back of the 
thigh and have their tendons in the back of the 
knee. The tendons of these muscles in the pop- 
liteal region, or back of the thigh, give them the 
name hamstrings (ham = Old English word for 
the depression behind the knee). The muscles— 
semitendinosus, semimembranosus, and long 
head of the biceps femoris—arise from the ischial 
tuberosity and are inserted into the bones of the 
leg. They extend the hip and flex the knee. 


Biceps femoris 


This muscle has two heads. The long head arises 
with the semitendinosus from the medial part of 
the ischial tuberosity [see Fig. 14.3]. It is partly 
continuous with the sacrotuberous ligament. The 
short head arises from the linea aspera and 
the upper half of the lateral supracondylar line. 
The two heads unite and are inserted into the 
head of the fibula [see Figs. 15.1, 18.13]. Near its 
insertion, the tendon of the biceps overlies the 
fibular collateral ligament of the knee joint. 
This ligament passes obliquely through the ten- 
don, dividing it into two unequal parts. Nerve 
supply: the long head is supplied by the tibial 
part of the sciatic nerve, and the short head by the 
common fibular part. Thus, each head may be sep- 
arately paralysed as a result of a wound. Actions: 
it extends the hip joint, flexes the knee joint, and 
rotates the leg laterally when the knee is flexed. 
The short head acts only on the knee joint. 


Semitendinosus 


The semitendinosus originates with the long 
head of the biceps from the medial part of the 
ischial tuberosity [see Fig. 14.3]. In the distal third 
of the thigh, the muscle forms a cylindrical ten- 
don. On the medial side of the knee, the tendon 
turns forwards and spreads out to be inserted 
into the upper part of the medial surface of the 
tibia, posterior to the tendons of the gracilis and 
sartorius. A complex bursa separates these ten- 
dons from one another and communicates with a 


bursa between the semitendinosus and the tibial 
collateral ligament of the knee. Nerve supply: 
branches from the tibial part of the sciatic nerve. 
Actions: it extends the hip joint, flexes the knee, 
and medially rotates the leg when the knee is 
flexed. 


Semimembranosus 


The semimembranosus arises from the lateral part 
of the ischial tuberosity [see Fig. 14.3]. The broad 
tendon of origin passes down and medially deep to 
the biceps and semitendinosus. At the back of the 
knee, it forms a thick, flattened tendon which is 
inserted chiefly into the groove on the posterome- 
dial surface of the medial condyle of the tibia [see 
Fig. 18.20]. The tendon also has extensions which 
form: (1) the oblique popliteal ligament 
of the knee joint; and (2) the fascia covering 
the popliteus, through which it is inserted into 
the soleal line of the tibia. The semimembrano- 
sus bursa lies between the tendon and the medial 
head of the gastrocnemius. It is often continuous 
with the bursa between that head and the back of 
the knee joint. Nerve supply: tibial part of the 
sciatic nerve. Actions: like the semitendinosus, 
the semimembranosus extends the hip, flexes the 
knee, and medially rotates the leg when the knee 
is flexed. 





Sciatic nerve 


The sciatic nerve leaves the pelvis through the 
greater sciatic foramen. It descends through the in- 
feromedial part of the gluteal region between the 
gluteus maximus posteriorly and the ischium, ob- 
turator internus and gemelli, and quadratus femo- 
ris anteriorly. In the back of the thigh, the nerve 
lies deep to the long head of the biceps on the pos- 
terior surface of the adductor magnus. It ends by 
dividing into the tibial and common fibular nerves 
midway down the thigh. 


Branches 


Branches from the trunk of the nerve (tibial 
part) supply the ischial (hamstring) part of the 
adductor magnus and the hamstrings, except 
the short head of the biceps femoris which is sup- 
plied by the common fibular nerve. 

Dissection 16.2 continues to look at the back of 
the thigh. 


DISSECTION 16.2 Back of the thigh-2 


Objectives 


|. To expose the adductor magnus and adductor longus. 


and the femur. Trace the perforating arteries laterally 
into the vastus lateralis. 


Il. To identify and trace the profunda femoris artery 4. From the front, identify the adductor longus, and 


and vein. Ill. To identify and trace the perforating 


arteries. 


Instructions 


|. Detach the hamstring muscles from the ischial tuber- 
osity, and turn them aside. This exposes the posterior 
surface of the adductor magnus. 

2. Remove the fascia from this muscle, but preserve 
the branch of the sciatic nerve which enters it near its 
medial border. 


3. Explore the insertion of the adductor magnus and the 
perforating arteries which pass between the muscle 


Profunda femoris artery 





This is the chief artery to the muscles of the thigh. 
It arises from the lateral side of the femoral artery 
in the femoral triangle and curves medially be- 
hind the femoral vessels, giving off the lateral and 
medial circumflex femoral arteries. It then passes 
posteriorly between the pectineus and adductor 
longus, and descends close to the femur, posterior 
to the adductor longus. Here it gives off the first 
three perforating arteries. A little below the middle 
of the thigh, the profunda femoris continues as the 
fourth perforating artery [Fig. 16.1]. 


Branches 


The medial and lateral circumflex femoral arteries 
have been seen already. The muscular branches of 
the profunda supply the adductor muscles. The four 
perforating arteries arise in series from the profunda 
femoris [Fig. 16.1]. They wind round the back of 
the femur to the vastus lateralis [see Fig. 13.22]. 
They give branches to the adductor and hamstring 
muscles, and the second or third forms the nutrient 
artery to the femur. 


Arterial anastomoses 


There is a longitudinal anastomosis between 
branches of the internal iliac, femoral, and popliteal 


follow it to its insertion into the linea aspera. 


5. Turn the muscle forwards, and follow the profunda 


vessels which pass downwards behind it. They lie 
Aone 


6. Remove the fascia from the profunda vein, which is 


anterior to the artery, then cut its tributaries to expose 
the artery and its branches. 


7. Divide the muscular branches of the profunda femoris 


artery, but preserve the perforating arteries which 
lie close to the femur. Demonstrate their continuity 
with the vessels found on the posterior surface of the 
adductor magnus. 
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Fig. 16.1 Profunda femoris artery and its branches. The upper part 
of the adductor longus has been removed to expose the artery. 


arteries in the back of the thigh. From above down, 
this anastomosis is formed by communication be- 
tween the inferior gluteal artery, terminal branches 
of the circumflex femoral arteries, perforating arter- 
ies, arteries on the hamstring muscles, and branches 
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of the popliteal artery. An alternative supply to the 
distal part of the limb is established by this route. 


Clinical Application 16.1 looks at the condition 
sciatic neuritis. 


CLINICAL APPLICATION 16.1 Sciatic neuritis 


A 45-year-old woman consulted her neurologist for seen in this patient could well be the result of a spinal 
low back pain which radiated to the hip and back of the 


thigh. The neurologist investigated her complaints and 


disc herniation pressing on one of the lumbar roots of 
the sciatic nerve. 


The back of the thigh 


© 


diagnosed her to have a ‘lumbar radiculopathy’ leading 
to ‘sciatic neuritis. 

Study question 1: which lumbar nerves contribute to 
the formation of the sciatic nerve? (Answer: L. 4 and L. 5.) 

Study question 2: using your knowledge of the parts 
of the typical spinal nerve, deduce which part/parts are 
involved in a ‘radiculopathy’. (Answer: the root of the 
nerves. Radicle = roots.) 

Using Fig. 13.11, review the proximity of the interver- 
tebral discs to the spinal nerve roots. The sciatic neuritis 


The doctor tests to see if the pain is worse on stretch- 


ing the sciatic nerve. Study question 3: what movement 
of the hip would stretch the sciatic nerve? (Answer: flex- 
ion of the hip.) This forms the basis for the ‘straight leg 
raising’ test. The patient lies supine, and the doctor lifts 
the patients leg while the knee is straight. The patient 
experiences sciatic pain when the leg is raised to 30 to 
AQ degrees. 


CHAPTER 17 


The hip joint 


Introduction 





The hip joint is a good example of a ball-and-socket 
joint, in which the head of the femur articulates 
with the acetabulum of the hip bone. Compared 
to the shoulder joint, the range of movement is 
less, but strength and stability are much greater. 
The strength and stability is due to: (1) the greater 
depth of the acetabulum which is further in- 
creased by the acetabular labrum, and (2) the 
strength of the ligaments and surrounding muscles. 
The reduced range of movements is offset, to some 
extent, by the long, narrow neck of the femur. 


Articular capsule and extracapsular 


ligaments 





Articular capsule 


The fibrous capsule surrounds the joint on all sides. 
It is strong anteriorly, and thin posteriorly. Proxi- 
mally, it is attached to the margin of the acetabulum 
and to the transverse ligament of the acetabulum. 
Distally, it is attached anteriorly to the intertrochan- 
teric line of the femur and to the root of the greater 
trochanter. Posteriorly, it is attached to the neck 
of the femur, about 1.5 cm medial to the intertro- 
chanteric crest. 

The fibres which comprise the capsule run in two 
different directions. The majority run obliquely 
downwards and laterally from the acetabulum to 
the femur. The oblique fibres are best seen on the 
anterior surface. Other bundles encircle the cap- 
sule approximately parallel to the margin of the 
acetabulum. These circular bundles form the zona 
orbicularis and are best seen on the posterior and 


inferior parts of the fibrous capsule. The fibrous 
membrane has three thickenings that form liga- 
ments on the capsule—the iliofemoral, pubofemo- 
ral, and ischiofemoral ligaments. 


lliofemoral ligament 


This ligament lies on the front of the joint. It forms 
the thickest and most powerful part of the articu- 
lar capsule. Proximally, it is attached to the infe- 
rior part of the anterior inferior iliac spine and to 
the surface of the ilium, immediately lateral to the 
spine. Distally, it widens to be attached to the in- 
tertrochanteric line of the femur. It is thicker at the 
sides than in the middle and has the appearance of 
an inverted Y [Fig. 17.1]. 


Anterior inferior iliac spine 


Acetabular 
labrum 
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Two parts of l 
iliofemoral lig. 


Additional fibres of 
pubofemoral lig. 


Fig. 17.1 Dissection of the hip joint from the front. 
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DISSECTION 17.1 Hip joint 


Objectives 


|. To expose the iliofemoral ligament. II. To open 


the hip joint. 


Instructions 


1. Cut through the femoral vessels and nerve, imme- 
diately inferior to the inguinal ligament. Divide the 
sartorius and rectus femoris about 5 cm from their 
origins, and turn them downwards. 


2. Cut through the illopsoas near its insertion, and re- 
flect the two parts to expose the psoas bursa and 
the capsule of the hip joint. Remove the bursa, and 
identity the margins of the thick iliofemoral ligament. 


The iliofemoral ligament is more than 0.5 cm 
thick. It is one of the strongest ligaments in the 
body—its only rival being the interosseous sacro- 
iliac ligament. It is rarely torn. D In hip disloca- 
tion, the surgeon may use the iliofemoral ligament 
as a support to lever the head of the femur back 
into the acetabulum. 

In the erect posture, the centre of gravity of the 
body falls slightly behind a line joining the centres 
of the two hip joints. As such, there is a natural 
tendency for the body to fall backwards on the hip 
joints. This is resisted by the iliofemoral ligaments, 
which maintain the erect posture without muscu- 
lar activity at these joints. Dissection 17.1 exposes 
this ligament. 


Pubofemoral ligament 


This ligament arises from the pubic bone and the 
obturator membrane [Fig. 17.1]. It lies in the lower 
and anterior parts of the fibrous capsule. 


Ischiofemoral ligament 


This is a weak band which arises from the ischium 
below the acetabulum. It passes upwards and later- 
ally into the fibrous capsule. 





Intracapsular structures 


Transverse ligament of the acetabulum 


This strong band of fibres bridges across the acetab- 
ular notch. It completes the rim of the acetabulum 


and converts the notch into a foramen, through 
which vessels and nerves enter the acetabular fossa. 
It gives attachment to the ligament of the head of 
the femur. 


Acetabular labrum 


This fibrocartilaginous ring is attached to the rim 
of the acetabulum and the transverse ligament. It 
deepens the cavity of the acetabulum and narrows 
its mouth by sloping inwards. The labrum is a tight 
fit on the head of the femur and plays an important 
function in maintaining the head of the femur in the 
acetabulum. Both surfaces of the labrum are covered 
by synovial membrane. The free margin is relatively 
thin, and the attached margin is much thicker. 


Ligament of the head of the femur 


The ligament of the head of the femur extends from 
the transverse ligament of the acetabulum to the pit 
on the head of the femur [Fig. 17.2]. Its narrow, cylin- 
drical end is implanted into the pit on the head of 
the femur, and its broad, flattened end is attached 
to the transverse ligament of the acetabulum and the 
adjacent margins of the acetabular fossa. It is a weak 
band of connective tissue surrounded by a synovial 
membrane. The ligament is too weak to play a part 
in strengthening the hip joint. Sometimes it trans- 
mits a small blood vessel to the head of the femur. 


Lig. of head of femur 


Ischial spine 


Acetabular 
labrum 


Transverse 
acetabular lig. 


Articular 
capsule 
(reflected) 





Retinacula 


Fig. 17.2 Dissection of the right hip joint from the pelvic side. 
The floor of the acetabulum has been removed, and the articular 
capsule of the joint drawn laterally towards the trochanters. 





Synovial membrane and retinacula 


The synovial membrane lines the inner surface of 
the fibrous capsule and covers the neck of the fe- 
mur as far as the margin of the articular cartilage 
of the head. From the attachment of the fibrous 
capsule to the femur, a number of fibre bundles 
turn back on the neck of the femur. These are 
called retinacula. Small arteries and veins pass 
along the retinacula to supply the neck and head 
of the femur (note the multiple foramina in the 
bone, especially on the posterosuperior surface of 
the neck). © When the neck of the femur is frac- 
tured within the capsule, the retinacula help to 
hold the fragments together. If the retinacula are 
torn when the neck is fractured, the blood supply 
of the head of the femur may be destroyed and af- 
fect repair of the fracture. 

At the acetabular attachment of the articular cap- 
sule, the synovial membrane is reflected on to the 
acetabular labrum, the transverse ligament, and 
the ligament of the head of the femur. 

A mass of fat occupies the non-articular fossa of 
the acetabulum. It is covered by the synovial mem- 
brane which extends from the inner margin of the 
lunate surface of the acetabulum and is reflected 
on to the ligament of the head of the femur at the 
acetabular notch. Acetabular branches from the 
obturator and medial circumflex femoral arteries, 
and obturator nerve enter the ligament through 
the acetabular notch. 





Blood vessels and nerves 


The hip joint is supplied by arterial anastomosis 
formed around the neck of the femur between the 
following pairs of vessels: (1) ascending branches of 
the medial and lateral circumflex femoral arteries; 
(2) acetabular branches of the obturator and me- 
dial circumflex femoral arteries; and (3) branches 
of the superior and inferior gluteal arteries. Arteries 
which run in the ligament of the head of the femur 
sometimes enter the head of the femur, but they 
do not form a significant part of its blood supply. 

Nerves enter the joint from: (1) the nerve to the 
quadratus femoris; (2) the femoral nerve through 
the nerve to the rectus femoris; and (3) the anterior 
division of the obturator nerve, and occasionally 
the accessory obturator nerve. 
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Fig. 17.3 Anteroposterior radiograph of the adult pelvis. 
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Fig. 17.4 Section through the pubic symphysis and the two hip 
joints. 

Image courtesy of the Visible Human Project of the US National Library of 
Medicine. 


Identify the hip joint and the important bony 
landmarks on the radiograph of the pelvis 
[Fig. 17.3]. The important muscles surrounding 
the hip joint and acting on it are seen in sectional 
images [Figs. 17.4, 17.5]. 





Movements of the hip joint 


The movements possible at the hip joint are flex- 
ion, extension, abduction, adduction, and 
medial and lateral rotation. Test the range of 
movements of your own joint. Flexion is very 
free, and limited only when the thigh comes into 
contact with the anterior abdominal wall. Exten- 
sion from the anatomical position is restricted 
by the iliofemoral ligament. Extending the limb 
posteriorly to the horizontal plane is only possible 
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Fig. 17.5 MRI of the pelvis. (A) Coronal view. (B) Axial view. 


by tilting the pelvis forwards on the opposite 
limb. Abduction is restricted by the pubofem- 
oral ligament. Adduction (as in crossing one 
thigh over the other) is limited by the lateral part 
of the iliofemoral ligament and the upper part of 
the fibrous capsule. Medial rotation tightens 
the ischiofemoral ligament and is limited by it. 
Lateral rotation is limited by the pubofemoral 
ligament and the lateral parts of the iliofemoral 
ligament. 

Movements of the hip joint are brought about 
by muscles which cross the joint. Table 17.1 lists 
the muscles which act on the hip joint, together 
with the origin, insertion, relation to the hip 
joint, nerve supply, and action of each muscle. In 
Table 17.2, the muscles are grouped according to 
the actions which they produce on the hip joint, 
and the nerve supply of each muscle is repeated. 
This allows for easy assessment of the degree of 
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impairment of a particular movement following 
destruction of a particular nerve. 

In movements of the hip, as in all movements in 
the joints of the lower limb, it should be remem- 
bered that, when the foot is on the ground, the 
muscles of that limb are being used in a reversed 
manner, i.e. the trunk and proximal parts of the 
limb are moving while the distal part is stationary. 

© From this table, it is obvious that medial ro- 
tation and abduction are seriously disturbed by 
injuries to the superior gluteal nerve. Adduction 
is severely impaired when the obturator nerve is 
damaged. Extension is most usually produced by 
the hamstrings, the gluteus maximus being used 
mainly when extra power is required or in extremes 
of extension when the hamstrings may be actively 
insufficient to produce the movement. 

See Clinical Application 17.1 for a practical appli- 
cation of the anatomy discussed in this chapter. 


Table 17.1 Muscles acting on the hip joint 





Adductor longus 


Insertion 


Femur, linea aspera 


Relation to hip joint 


Adduction 


Nerve supply 


Obturator nerve 


Pubis, inferior ramus 
Ischium, ramus and 
tuberosity 


Femur, linea aspera, medial 
supracondylar line, adductor 
tubercle 


Adduction, extension (medial 
rotation) 


Femur, line inferior to lesser 
trochanter 


Femur, back of lesser 
trochanter to linea aspera 


Ilium between anterior and 
inferior gluteal lines 


Femur, greater trochanter, 
anterior surface 


Abduction, medial rotation, 
fixes pelvis on thigh” 


Ilium between anterior and 
posterior gluteal lines 


Femur, greater trochanter, 
lateral surface 


Abduction, medial rotation, 
fixes pelvis on thigh” 


Gluteus maximus, deep one- 
fourth 


Sacrum, posterior surface, 
sacrotuberous lig. 


Gluteus maximus, superficial 
three-fourths 


Ilium posterior to posterior 
gluteal line. Sacrum posterior 
aspect. Sacrotuberous 
ligament 


Tibia lateral condyle, via 
iliotibial tract 


Sacrum pelvic surface, 
middle three pieces 


Hip bone, obturator 
membrane external surface, 
margin of obturator foramen 


Internal surfaces of ilium, 
pubis, and ischium and 
obturator membrane 


Femur, greater trochanter, 
medial surface 


SL 
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Table 17.1 Muscles acting on the hip joint (Continued) 





Muscle Insertion Relation to hip joint Action Nerve supply 
Gemelli Ischium, each side of lesser With obturator internus Posterior Lateral rotation Nerve to obturator internus 
sciatic notch Nerve to quadratus femoris 
Biceps femoris long head Ischial tuberosity Head of fibula Posterior Extension Tibial branch of sciatic nerve 
Semimembranosus Ischial tuberosity Tibia, medial condyle, Posterior Extension Tibial branch of sciatic nerve 
posteromedial surface 
Semitendinosus Ischial tuberosity Tibia, medial surface, upper Posterior Extension Tibial branch of sciatic nerve 
one-fourth 
Gracilis Pubis body and inferior Tibia, medial surface, upper Posterior and medial Adduction Obturator nerve 
ramus one-fourth 
Sartorius Ilium anterior superior iliac Tibia, medial surface, upper Anterior Flexion, lateral rotation Femoral nerve 
spine one-fourth 
Tensor fasciae latae Iliac crest anterior one-fourth Tibia lateral condyle, Anterior Flexion, abduction. Stabilizes Superior gluteal nerve 
via iliotibial tract pelvis on thigh 
Rectus femoris Ilium anterior inferior Patella through quadriceps Anterior Flexion Femoral nerve 
iliac spine and area above tendon 
acetabulum 


*This action prevents the pelvis from sagging towards the opposite side when the opposite lower limb is raised from the ground. 


Table 17.2 Movements at the hip joint 


Movement Muscles Nerve supply 
Flexion lliacus and psoas major Lumbar ventral rami 
Rectus femoris Femoral 
Sartorius Femoral 
Tensor fasciae latae CS Superior gluteal = 
‘Pectineus Femoral 
“Adductorslongusandbrevis Obturator 
‘Extension Gluteusmaximus Inferior gluteal = 
“Semimembranosus CS Sciatic (tibial part) = 
“Semitendinosus CS Sciatic (tibial part) = 
“Bicepsfemoris,longhead o Sciatic (tibial part) = 
“Adductor magnus, ischial part Sciatic (tibial part) = 
“Adduction © Adductors longus, brevis, and magnus Obturator 
Gracilis Obturator 
‘Pectineus Femoral 
Quadratus femoris L. 4,5 and S. 1 ventral rami 
“Abduction Gluteus medius and minimus Superior gluteal 
Tensor fasciae latae = tC Superior gluteal 


Lateral rotation 


CLINICAL APPLICATION 17.1 Fractured neck of femur with partial hip replacement 


A 72-year-old man slipped and fell in the bathroom. He 
had severe pain in his left hip and was unable to stand 
up. On examination, his left leg was laterally rotated, and 
he was unable to lift his left heel off the bed. The greater 
trochanter on the left side appeared to be higher than 
on the right. On palpation, there was tenderness in the 
femoral triangle in front of the hip joint. A diagnosis of 
fractured neck of femur was made. An X-ray confirmed 
the diagnosis and showed a fracture just below the head 
of the femur [Fig. 17.6A]. 


Study question 1: what are the attachments of the 
fibrous capsule? Are all neck fractures intracapsular? 
(Answer: the fibrous capsule is attached to the margin 
of the acetabulum. On the femur, it is attached anteriorly 
to the intertrochanteric line, and posteriorly 1 cm medial 
to the intertrochanteric crest. Fractures of the lateral most 
part of the neck are extracapsular.) 

One cause for concern in a fractured neck of femur is 
the possibility of inadequate blood supply. Study ques- 
tion 2: what is the most important blood vessel supplying 
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the head and neck of femur? (Answer: the most impor- 
tant source of blood supply to the femoral head and neck 
is the medial circumflex femoral artery. Vessels which 
arise from it pierce the capsule and run medially on the 
posterior and superior aspects of the neck.) 


The patient was operated upon, with removal of the 
femoral head and replacement with an artificial prosthe- 
sis. He had an uneventful recovery. An X-ray of the hip 
after hip replacement is shown in Fig. 17.6B. 
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Fig. 17.6 (A) Plain X-ray of the hip showing fracture of the neck of femur. (B) Hip X-ray after hemiarthroplasty (different patient). 


CHAPTER 18 


The leg and foot 





Introduction 


Bones and surface anatomy of the leg 


The leg bones are the tibia medially and the fibula 
laterally [Figs. 18.1, 18.2]. Make use of a set of leg 
bones to confirm the following points, and iden- 
tify the palpable parts in your own leg. The shaft 
of the tibia is roughly triangular in transverse sec- 
tion, with medial, posterior, and lateral surfaces. 
The medial surface is subcutaneous, except in its 
upper quarter where the tendons of the sartorius, 
gracilis, and semitendinosus are inserted into it. 
The superficial part of the tibial collateral ligament 
of the knee is attached to the upper part of the 
tibia immediately in front of the medial border. In- 
feriorly, the medial surface is continuous with the 
medial surface of the medial malleolus—a thick 
downwards projection of the distal end of the tibia. 

The expanded upper end of the tibia is flattened 
to form the medial and lateral condyles. The con- 
dyles are limited inferiorly by an almost horizon- 
tal line. Anteriorly, this line curves down to the 
junction of the smooth and rough parts of the tib- 
ial tuberosity. The patellar tendon is attached to 
the smooth part of the tibial tuberosity. Inferiorly, 
the tibial tuberosity is continuous with the sharp 
anterior border of the tibia [Fig. 18.1]. This 
border is palpable throughout its length, though it 
becomes less sharp in the lower third of the bone, 
and deviates medially to the anterior surface of the 
medial malleolus. The posteromedial surface of the 
medial condyle has a long, horizontal groove, with 
a roughened area below it for the attachment of 
the semimembranosus [see Fig. 18.20]. In a similar, 


but slightly lower, position, the inferior surface of 
the lateral condyle has a smooth area for articula- 
tion with the head of the fibula. The upper sur- 
faces of the medial and lateral tibial condyles have 
smooth, oval, concave areas for articulation with 
the corresponding condyles of the femur. Between 
these condyles is the intercondylar area which 
is divided into anterior and posterior parts by an 
intercondylar eminence. On the intercondylar 
eminence are the medial and lateral intercondy- 
lar tubercles. 

The interosseous border of the tibia be- 
gins immediately inferior to the articular area 
for the fibula. The interosseous membrane between 
the tibia and fibula is attached to this border. At 
the distal end of the tibia, the interosseous border 
becomes continuous with a rough, triangular, con- 
cave area for the thickened part of the interosseous 
membrane—the interosseous tibiofibular ligament. 
The interosseous tibiofibular ligament binds the 
tibia to the fibula above the ankle joint. The inter- 
osseous border separates the lateral surface of the 
shaft of the tibia from the posterior surface, and 
hence the areas from which the anterior (exten- 
sor) muscles and posterior (flexor) muscles of the 
leg arise. On the posterior surface of the tibia, an 
oblique ridge—the soleal line [Fig. 18.2]—passes 
from just below the articular surface for the head 
of the fibula to the medial border of the tibia, at 
the junction of the upper and middle thirds of the 
shaft. This line gives attachment to the tibial head 
of the soleus muscle and to the popliteal fascia on 
the posterior surface of the popliteus muscle. 
The popliteus is attached on the tibia to the trian- 
gular area, proximal to the soleal line. The nutri- 
ent artery to the shaft of the tibia enters the bone 
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Fig. 18.1 Right tibia and fibula (anterior aspect). 


midway between the distal part of the soleal line 
and the interosseous border. Medial to the nutri- 
ent foramen is a vertical ridge which joins the 
middle of the soleal line to the interosseous border 
distally. The area between the soleal line, interosse- 
ous border, and vertical ridge gives attachment to 
the tibialis posterior [see Fig. 18.20]. 

The medial border of the tibia is sharp and 
continues distally with the medial edge of a groove 
for the tendon of the tibialis posterior, on the pos- 
terior surface of the medial malleolus [Fig. 18.2]. 

The inferior surface on the distal end of the 
tibia is concave anteroposteriorly, with a slight, 
central anteroposterior ridge. It is an articular 
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Fig. 18.2 Right tibia and fibula (posterior aspect). 


surface and continuous medially with the articular 
surface on the lateral aspect of the medial malleo- 
lus. Both surfaces articulate with the body of the 
talus at the ankle joint. 

The medial malleolus projects inferiorly as the 
apex and has a smooth notch on its posterior as- 
pect. The notch and apex give attachment to the 
powerful medial (deltoid) ligament of the an- 
kle joint. 

The fibula has an expanded head at its proxi- 
mal end, and a narrow neck below the head. On 
the superomedial surface of the head is the area for 
articulation with the tibia, and the apex of the 
head lateral to it. The distal end of the fibula is 


expanded to form the lateral malleolus. The lat- 
eral malleolus projects beyond the medial malleo- 
lus and has a larger triangular surface on its medial 
aspect for articulation with the body of the talus. 
The tibial and fibular malleoli hold the body of the 
talus between them. Posterior to the articular area 
on the lateral malleolus is the malleollar fossa. 
The shaft of the fibula is covered with muscles, 
and its shape varies considerably with the degree 
of muscularity. 

The anterolateral surface of the lateral malleo- 
lus is continuous above with a rough, triangular 
subcutaneous area. This is continuous supe- 
riotrly with the anterior border of the fibula 
which marks the attachment of an intermuscular 
septa separating the muscles of the anterior com- 
partment of the leg (extensors) from those of the 
lateral compartment (fibular muscles). Superior to 
the articular surface of the lateral malleolus is a 
rough triangular area for attachment of the inter- 
osseous tibiofibular ligament. This triangular 
area is continuous above with the interosseous 
border of the fibula. This border bends forwards 
as it ascends, so that it comes close to the anterior 
border. A narrow medial surface between the an- 
terior and interosseous borders gives attachment to 
the extensor muscles. Posterior to the interosseous 
border is the posterior surface of the fibula. This 
posterior surface has a curved vertical ridge—the 
medial crest—which separates it into medial and 
posterior parts. The strong intermuscular septum 
posterior to the tibialis posterior muscle is attached 
to the medial crest. Behind the medial crest, the 
posterior surface gives rise to the soleus and flexor 
hallucis longus [see Fig. 18.20]. 

The fibular muscles arise from the lateral surface 
of the fibula. Inferiorly, they pass behind the sub- 
cutaneous triangular area to run over the posterior 
surface of the lateral malleolus. 

On your own leg, identify the head of the fibula, 
and the condyles and tuberosity of the tibia. Feel 
the anterior and medial borders of the tibia and the 
subcutaneous medial surface between them. Follow 
this surface to the medial malleolus. The long 
saphenous vein and the saphenous nerve run 
along the upper two-thirds of the medial border of 
the tibia. 

Find the neck of the fibula, and roll the com- 
mon fibular nerve on its posterolateral surface. 
Trace the fibula downwards, feeling it through the 
muscles. Press on the middle of the bone, and note 


that it can be pushed inwards to a slight extent, 
like a firm spring. Find the lateral malleolus, 
and confirm that it projects further distally than 
the medial malleolus. 

On the back of your leg, feel the fleshy mass of 
the gastrocnemius and soleus. These two mus- 
cles can be made to contract by standing on your 
toes. When this is done, the two heads of the su- 
perficial gastrocnemius stand out. Deep to the gas- 
trocnemius, the soleus bulges laterally, medially, 
and inferiorly. Trace these muscles to the tendo 
calcaneus—the thick tendon through which they 
are inserted into the tip of the heel. Note that the 
tendo calcaneus lies more than 2 cm posterior to 
the bones of the leg. Place your fingers in the de- 
pressions anterior to the tendo calcaneus, and press 
forwards. The malleoli are felt indistinctly through 
the tendons which cover their posterior surfaces. 
On the back of the medial malleolus, feel the pulsa- 
tions of the posterior tibial artery. 


Bones and surface anatomy of the foot 


The general arrangement of the bones of the foot is 
described below and shown in Figs. 18.3 and 18.4. 
Make use of a set of foot bones to confirm the fol- 
lowing points, and identify the palpable parts in 
your own foot. 

The talus consists of a cuboidal body, with a 
neck and head projecting forwards and slightly 
medially from it. The trochlea tali is the articu- 
lar surface on the superior aspect of the body. Pos- 
terior to the trochlea, the lower part of the talus 
projects backwards as the posterior process. 
This process is grooved by the tendon of the flexor 
hallucis longus, resulting in the formation of the 
lateral and medial tubercles of the posterior 
process. (The posterior process ossifies from a sep- 
arate centre. Rarely, it fails to fuse with the remain- 
der of the talus and remains in the adult as the 
os trigonum.) The talus forms numerous joints 
with adjacent bones: (1) the superior surface of the 
body—the trochlea tali—articulates with the distal 
end of the tibia; (2) the medial surface of the body 
articulates with the medial malleolus through a flat, 
comma-shaped surface; (3) the lateral surface of the 
body articulates with the lateral malleolus through 
a large, triangular area. On the inferior surface, the 
body of the talus articulates with the calcaneus at 
the (4) cylindrical subtalar joint. Anterior to this, 
but separated from it by the groove of the talus— 
the sulcus tali—there is a long, oblique articular 
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Fig. 18.3 Superior or dorsal surface of bones of the right foot. 


surface on the body, neck, and lateral part of the 
inferior surface of the head [Fig. 18.5]. The poste- 
rior part of this surface articulates with a (5) medial 
projection of the calcaneus—the sustentaculum 
tali. The anterior part of this articular surface ar- 
ticulates with (6) a separate area on the distal supe- 
rior surface of the calcaneus. These two surfaces on 
the talus are angled to each other but are continu- 
ous. Medial to, and between, them is (7) another 
articular area on the inferomedial part of the head 
which articulates with the powerful plantar cal- 
caneonavicular (spring) ligament. The plantar 
calcaneonavicular ligament binds the sustentacu- 
lum tali to the navicular and supports the head of 
the talus. (8) The distal surface of the head of the 
talus forms a shallow ball for the ball-and-socket 
joint with the navicular. The complex consisting of 
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Fig. 18.4 Inferior or plantar surface of bones of the right foot. 


the talus, calcaneus, spring ligament, and navicular 
is the talocalcaneonavicular joint. 

The talus is firmly held between the tibia and fibula 
at the ankle joint. Only movements in the transverse 
plane (dorsiflexion and plantar flexion) are pos- 
sible here. Note that the malleolar surfaces on 
the talus are wider apart anteriorly than posteri- 
orly. Thus, in dorsiflexion, the talus is more firmly 
held between the bones than in plantar flexion. The 
flexibility which is present in the shaft of the fibula 
allows the lateral malleolus to move outwards to a 
slight degree in dorsiflexion. D If the talus is twisted 
in the ankle joint in dorsiflexion, the lateral malleo- 
lus may be forced so far laterally that the resilience 
of the body of the fibula is overcome and it is frac- 
tured. The fulcrum for this movement is the thick 
interosseous tibiofibular ligament. 
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Fig. 18.5 Right talus (inferior surface). The groove of the talus is the sulcus tali. 


The complex joints between the talus, calcaneus, 
and navicular permit the calcaneus and navicular 
to move round a relatively fixed talus on an almost 
horizontal axis. During this movement, the re- 
maining bones of the foot are carried with the cal- 
caneus and navicular. Movement of the calcaneus 
and navicular medially around this axis turns the 
foot, so that the sole faces medially (inversion). 
The opposite movement is eversion and is more 
limited [Fig. 18.6]. 

The cuboid articulates with the distal end of the 
calcaneus by a curved, saddle-shaped joint which 
permits a moderate amount of movement. It also 
articulates medially with the navicular and the 
lateral cuneiform bone. The inferior surface of the 
cuboid is grooved by the tendon of the fibula- 
ris longus which passes transversely across the 


(A) 


Fig. 18.6 (A) Eversion of foot. (B) Inversion of foot. 
Copyright DreamBig/Shutterstock. 





foot. The remaining intertarsal and tarsometatar- 
sal joints are all flat surfaces. These include joints 
between the navicular and the three cuneiform 
bones, between the cuneiform bones, between the 
cuneiforms and the medial three metatarsals, and 
between the cuboid and the lateral two metatar- 
sals. These joints permit relatively little movement. 

Certain unique features of the joint surfaces 
make the foot a relatively rigid, yet resilient, struc- 
ture. The first metatarsal articulates with the me- 
dial cuneiform bone by two surfaces angled to one 
another. The second metatarsal is inserted between 
the medial and lateral cuneiform bones. The prin- 
cipal movements in the foot occur at the subtalar 
and talocalcaneonavicular joint complex. 

Note that the foot may be considered in lateral 
and medial parts. The lateral part consists of the 
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calcaneus, the cuboid, and the lateral two meta- 
tarsals. These together form a relatively flat lat- 
eral longitudinal arch, with the cuboid at the 
highest point. The medial part of the foot consists 
of the calcaneus, the talus, the navicular, the cu- 
neiform bones, and the medial three metatarsals. 
These together form a high medial longitudinal 
arch. The head of the talus is at the summit of 
the arch and rests on the plantar calcaneonavicu- 
lar ligament. The anterior pillar of the medial lon- 
gitudinal arch is the powerful first metatarsal 
bone. The head of the first metatarsal rests on the 
ground through two sesamoid bones. The sesa- 
moid bones transmit the pull of the short muscles 
of the big toe and form a tunnel through which 
the long tendon passes. This arrangement prevents 
compression of the tendon and small muscles when 
the full weight of the body is thrust forwards on 
the head of the first metatarsal in walking or run- 
ning. The other metatarsals are relatively thin 
and weak. A transverse arch is formed by the 
metatarsals and the distal row of the tarsal bones. 
The fifth metatarsal forms the lateral end of this 
arch. The half dome-shaped arched arrangement of 
the foot protects structures in the sole of the foot 
from being compressed. This no longer holds when 
the arches sag in ‘flat foot’. 

On your own foot, identify the following 
structures. 

Grip the posterior part of the calcaneus. Feel 
its lateral and medial processes. These are blunt 
prominences on each side of the plantar surface of 
the calcaneus. Feel the subcutaneous lateral surface 
of the calcaneus and the resistance of the fibular 
tendons, immediately posteroinferior to the lateral 
malleolus. Follow the tendons inferiorly. 

Find the tuberosity on the base of the fifth 
metatarsal. It lies midway between the point of 
the heel and the little toe. The head of the fifth 
metatarsal is felt as a rounded bulge at the root 
of the little toe. 

Extend the toes firmly. A bulge appears on the 
lateral side of the dorsum of the foot, a thumb- 
breadth anterior to the lateral malleolus. This is 
the extensor digitorum brevis muscle which 
arises from the dorsal surface of the distal part of 
the calcaneus. 

Repeatedly plantar flex and dorsiflex the foot. 
The anterior part of the trochlea tali can be felt 
under the anterior part of the distal end of the tibia 
in plantar flexion. Invert the foot. The tendon of 


the tibialis anterior becomes prominent, as it 
passes to the junction of the medial cuneiform and 
the base of the first metatarsal. Appreciate the bony 
prominence on the dorsum of the foot, distal to 
the lateral malleolus. This is the lateral part of the 
head of the talus. Confirm that it disappears on 
eversion. 

On the medial side of the ankle, feel the susten- 
taculum tali below the medial malleolus. Note that 
this moves with the posterior part of the calcaneus, 
as the foot is inverted and everted. Evert the foot 
as far as possible, and feel the bony prominence 
anteroinferior to the medial malleolus. This is the 
medial surface of the head of the talus. Keep your 
finger on it, and invert the foot. Note that it disap- 
pears and that the proximal edge of the navicular 
becomes prominent, distal to it. Follow the navic- 
ular to its tuberosity on the plantar aspect. The 
tendon which passes forwards to this tuberosity is 
the tendon of the tibialis posterior. 

Note the parts of the foot which are normally in 
contact with the ground. Note also that it is the 
head of the first metatarsal which takes the pres- 
sure when you push off to take a step. 

The arrangement of the phalanges and their 
joints with each other and with the metatarsals 
(metatarsophalangeal and interphalangeal joints) 
is similar to that in the fingers. The main differ- 
ence lies in the massive phalanges in the big toe 
and the relatively small phalanges in the others. 
The appearance of these bones indicates that the 
major stresses to the foot are carried by the big toe. 


Intermuscular septa 


These intermuscular septa have been mentioned 
in connection with the bones. They separate the 
various groups of muscles, give attachments to 
muscle fibres proximally, and hold the muscle 
groups tightly within a fascial space. Due to this 
arrangement, when the muscles contract, they 
are compressed by the fascia, and the blood with- 
in them is pumped upwards in the veins. This 
is an essential part of the mechanism of venous 
return from the lower limb. Ə Extensive division 
of the fascia or wasting of the muscles within the 
fascial compartments impair venous return and 
lead to swelling of the limb (oedema). 

There are three named intermuscular partitions 
in the leg: (1) the interosseous membrane be- 
tween B and E in Fig. 18.7; (2) the anterior sep- 
tum between A and B; and (3) the posterior septum 
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Fig. 18.7 Diagram of osteofascial compartments of the leg. The interosseus membrane lies between B and E. 


between A and H. In addition, the muscles of the 
back of the leg are divided into three layers by two 
coronal sheets of fascia between E and G, and be- 
tween G and H. 


Front of the leg and dorsum 


of the foot 





See Dissection 18.1. 


Superficial veins of the front of the leg 
and dorsum of the foot 


There are two dorsal digital veins in each toe. 
Each joins the corresponding vein from the adja- 
cent toe to form a dorsal metatarsal vein. The 
dorsal metatarsal vein drains into the dorsal ve- 
nous arch. The dorsal digital veins on the medial 
side of the big toe and the lateral side of the little 
toe join the ends of the arch to form the long and 
short saphenous veins, respectively. The dorsal 


DISSECTION 18.1 Skin reflection, and cutaneous nerves and vessels 


Objectives 


|. To reflect the skin. II. To identify and trace the lateral 
cutaneous nerve of the calf, sural nerve, superficial fibular 
nerve, dorsal digital nerves, and long and short saphen- 
ous veins in the leg. 


Instructions 


t 


Place the limb in a convenient position, e.g. with a block 
under the knee and the foot bent down (plantar flexed). 
Make incision 11 [see Fig. 13.6]. Reflect the skin from 
the front of the leg and the dorsum of the foot, but re- 
tain the superficial fascia so as not to destroy the veins. 


Find the lateral cutaneous nerve of the calf and the 
long saphenous vein, with the saphenous nerve beside 


it. Follow all three to the foot [see Fig. 13.9]. Note the 
branches of the nerves and the tributaries of the vein. 


3. Establish the continuity of the long saphenous vein 
with the medial extremity of the dorsal venous arch 
of the foot. This arch lies transversely on the anterior 
parts of the metatarsals. Follow the arch to the lateral 
side of the foot, finding its dorsal metatarsal tributar- 
ies. Laterally, the arch is continuous with the short 
Saphenous vein. 


4. Trace the beginning of the short saphenous vein to a 
point below the lateral malleolus, and find the sural 
nerve beside it. Follow the sural nerve along the lateral 
side of the foot to the little toe. It gives a communicat- 
ing branch to the superficial fibular nerve. 
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5. Find the superficial fibular nerve, as it pierces the deep 
fascia at the junction of the middle and distal thirds 
of the leg. Trace the nerve and its branches into the 
dorsum of the foot. Note that the most medial branch 
is to the medial side of the big toe and that a branch 
does not pass to the first interdigital cleft. 


venous arch lies on the distal parts of the shafts 
of the metatarsals. It drains the dorsum of the foot 
and toes. 

The short saphenous vein runs back inferior 
and posterior to the lateral malleolus. It ascends to 
the popliteal fossa in the back of the leg [Fig. 18.8]. 
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Fig. 18.8 Superficial dissection of the leg, viewed from the 
posterolateral side, showing veins and nerves. (Usually the short 
saphenous vein ends in the popliteal fossa.) 


Calcaneus 





6. Find the dorsal digital nerves of the adjacent sides of 


the big and second toes. Follow them proximally. They 
arise from a branch of the deep fibular nerve, proxi- 
mal to the cleft. 


The long saphenous vein passes posteriorly 
on the medial side of the foot. It ascends anterior 
to the medial malleolus, obliquely across the distal 
third of the medial surface of the tibia [Fig. 18.9]. 
The further course and termination are described 
in Chapter 13. 
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Fig. 18.9 Superficial dissection of the leg, viewed from the 
posteromedial side, showing veins and nerves. 


Cutaneous nerves of the front of the leg 
and dorsum of the foot 


The upper two-thirds of the front of the leg are 
supplied by two nerves—the saphenous nerve 
(L. 3, 4) medially, and the lateral cutaneous 
nerve of the calf laterally. The lower third is sup- 
plied by the superficial fibular and saphenous 
nerves. 

The dorsum of the foot is supplied mainly by the 
medial and intermediate cutaneous branches of the 
superficial fibular nerve. The lateral margin is 
supplied by the sural nerve, and the medial mar- 
gin by the saphenous nerve proximally and the 
superficial fibular nerve distally. The first inter- 
digital cleft and the skin immediately proximal to it 
are supplied by the deep fibular nerve. The dor- 
sum of the toes is supplied by the digital branches 
of these nerves [see Figs. 13.9, 20.1]. On the terminal 
phalanges, the supply is from the plantar nerves. 


Superficial fibular nerve (L. 4, 5; S. 1) 


The superficial fibular nerve arises from the com- 
mon fibular nerve on the lateral side of the neck of 
the fibula. It descends between the fibularis longus 
and brevis supplying them. It enters the superfi- 
cial fascia at the junction of the middle and distal 
thirds of the leg and branches into the medial and 
intermediate dorsal cutaneous nerves. Each 
of these supplies the skin in the lower part of the 
front of the leg and the dorsum of the foot, and 
divides into two dorsal digital nerves of the foot. 
Those from the medial nerve pass to the medial side 
of the big toe and the adjacent sides of the second 
and third toes. Those from the intermediate nerve 
pass to the adjacent sides of the third and fourth, 
and fourth and fifth toes [see Fig. 20.1]. All dorsal 
digital nerves lie deep to the dorsal venous arch. 


Sural nerve (S. 1, 2) 


The sural nerve arises from the tibial nerve in the 
popliteal fossa and descends in the back of the leg 
to the posterior surface of the lateral malleolus. It 
lies with the short saphenous vein in the superficial 
fascia of the lower leg and supplies the overlying 
skin. It is joined by the fibular communicating 
branch of the common fibular nerve [see Fig. 14.2]. 
It turns forwards along the lateral border of the 
foot and little toe, supplying the skin of both. 

Dissection 18.2 looks at the deep fascia of 
the leg. 


DISSECTION 18.2 Deep fascia of the leg 
Objective 


|. To demonstrate the superior and inferior extensor 
retinacula. 


Instructions 


|. Remove the remainder of the superficial fascia, 
and expose the deep fascia of the front of the leg 
and the dorsum of the foot. 


2. Define the superior and inferior extensor retinacu- 
la [Fig. 18.10]. 


Deep fascia of the front of the leg 


The deep fascia of the leg is very strong. It is fused 
with the periosteum where the bones are subcuta- 
neous. At the ankle, it forms thickened bands (reti- 
nacula) which hold the tendons close to the joint 
and prevent them from springing forwards in dorsi- 
flexion of the ankle. 


Retinacula 


The superior extensor retinaculum is a broad 
band between the triangular subcutaneous area of 
the fibula and the anterior border of the tibia. 

The inferior extensor retinaculum is Y- 
shaped. The stem of the Y is attached to the up- 
per surface of the anterior part of the calcaneus 
[Fig. 18.10]. Medially, the limbs of the Y separate. 
The upper limb is attached to the medial malleolus; 
the lower fuses with the fascia of the sole on the 
medial side of the foot. The deep fibres of the reti- 
naculum form two loops around the tendons—one 
around the extensor digitorum longus and fibularis 
tertius, and another around the extensor hallucis 
longus. The retinacula prevent the tendons from 
slipping medially when the foot is inverted. When 
the foot is inverted, there is a marked medial an- 
gulation of the tendon of the extensor hallucis at 
the retinaculum. The superior and inferior fibu- 
lar retinacula hold the tendons of the fibularis 
longus and brevis in position, as they pass postero- 
inferior to the lateral malleolus and on the lateral 
surface of the calcaneus [Fig. 18.4]. A similar flex- 
or retinaculum, posteroinferior to the medial 
malleolus, holds the tendons of the deep muscles 
of the back of the leg in position, as they pass into 
the foot [see Fig. 18.17]. 
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Fig. 18.10 Synovial sheaths of the dorsum of the foot. 


See Dissection 18.3. ing the tendon of the tibialis anterior extends 
from the upper border of the superior extensor 
retinaculum almost to the insertion of the tendon; 
There are three synovial sheaths [Fig. 18.10] in the (2) that on the extensor hallucis longus begins 
front of the ankle: (1) the synovial sheath surround- between the retinacula and reaches to the proximal 


Synovial sheaths of extensor tendons 


DISSECTION 18.3 Front of the leg-1 


Objectives sheaths of the tendons which lie deep to the reti- 
|. To study the tibialis anterior, extensor hallucis longus, nacula [Fig. 18.10]. 

extensor digitorum longus, fibularis tertius, and exten- 2. Turn the deep fascia medially and laterally, and con- 
sor digitorum brevis. Il. To identify and trace the deep firm its attachments to the bones. Open the synovial 
fibular nerve and anterior tibial vessels in the leg and sheaths of the tendons, proximal to the superior ex- 
foot. Ill. To dissect the extensor expansion. tensor retinacula, and pass a blunt probe along them 


: to define their extent. 
Instructions 


|. Divide the deep fascia of the front of the leg longi- Sg) MALIN ERS Hg a 


tudinally between the tibia and fibula. Extend the 4. Define the individual muscles and their attachments to 
incision onto the dorsum of the foot. Leave the su- the bones. Separate the tibialis anterior from the other 
perior and inferior extensor retinacula intact. Near three muscles down to the interosseous membrane. 


the superior retinaculum, pass a blunt seeker deep 5. Find the anterior tibial vessels and the deep fibular 
to these retinacula. This will allow you to define their nerve on the membrane. Trace these upwards and 
margins more easily. Avoid injury to the synovial downwards. 


6. Pull the fibularis tertius muscle aside, and find the per- 
forating branch of the fibular artery, as it pierces the 
lower part of the interosseous membrane. Follow it 
into the foot [Fig. 18.11]. 


7. Find the extensor digitorum brevis muscle on the dor- 
sum of the foot. Trace its tendons to the medial four 
toes [Fig. 18.12]. 


phalanx of the big toe; (3) the third surrounds the 
tendons of the extensor digitorum longus and 
fibularis tertius. [t extends from the lower part 
of the superior extensor retinaculum to the middle 
of the dorsum of the foot. 
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Fig. 18.11 Dissection of the front and lateral sides of the leg. 


8. Follow the anterior tibial artery and the deep fibular 
nerve into the foot. Here the artery is known as the 
dorsalis pedis artery [Fig. 18.12]. 


9. On the second or third toe, clean the extensor expan- 
SiOM 1Olmecs Oy the extensor Temaons slrace tie ex 
pansion (which is similar to that in fingers) to the distal 
phalanx. 


Contents of the anterior compartment 
of the leg 


The anterior compartment of the leg contains the 
tibialis anterior, extensor digitorum longus, ex- 
tensor hallucis longus, and fibularis tertius. The 
compartment also contains the anterior tibial ves- 
sels and the deep fibular nerve which supply these 
muscles and continue into the dorsum of the foot 
[Figs. 18.11, 18.12]. 
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Tibialis anterior 


The tibialis anterior takes origin from the upper 
half of the lateral surface of the tibia and from the 
interosseous membrane [Fig. 18.13]. The tendon 
passes deep to the retinacula, bends medially, and 
is inserted into the medial surface of the medial 
cuneiform and adjacent part of the first metatar- 
sal close to their plantar aspects. This insertion is 
almost continuous with that of the fibularis lon- 
gus (see later). Nerve supply: deep fibular nerve 
and recurrent genicular nerves. Actions: it is a 
dorsiflexor and powerful invertor of the foot when 
the foot is raised from the ground. When the foot 
is on the ground, the muscle helps to balance the 
leg and talus on the other tarsal bones, so that the 
leg is kept vertical, even when walking on uneven 
ground. 
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Fig. 18.13 Anterior aspect of bones of the leg to show 
attachments of muscles. 


Extensor digitorum longus 


The extensor digitorum longus is a long, thin mus- 
cle that arises mainly from the upper part of the 
medial surface of the fibula [Fig. 18.13]. The ten- 
don passes deep to the retinacula. Anterior to the 
ankle joint, it divides into four parts which pass 
to the lateral four toes. As each tendon approaches 
the metatarsophalangeal joint, it forms an exten- 
sor expansion, similar to that in the fingers. Each 
extensor expansion fuses with the fibrous capsule 
on the dorsal surface of the metatarsophalangeal 
joint and extends on each side of the joint to the 
deep transverse metatarsal ligament. The thick cen- 
tral part of the expansion continues on the dorsal 
surface of the proximal phalanx and is inserted 
into the base of the middle phalanx. On the sec- 
ond to fourth toes, it is joined by the greater part of 
the tendon of the extensor digitorum brevis. 
The lateral and medial parts of the expansion con- 
tinue distally, fused to the median portion. They 
cross the dorsolateral surfaces of the distal inter- 
phalangeal joint and are inserted into the base of 
the distal phalanx. The tendons of the lumbri- 
cals may join the medial side of the expansion in 
each toe; the interossei may send delicate exten- 
sions into it, although, in the foot, interossei are 
principally inserted into the proximal phalanx. 
The little toe has only the long extensor tendon, 
but the expansion is otherwise the same as in the 
second to fourth toes. Nerve supply: deep fibu- 
lar nerve. Actions: it extends the interphalangeal 
and metatarsophalangeal joints of the lateral four 
toes. When the metatarsophalangeal joints of the 
foot are extended, extension of the interphalan- 
geal joints depends solely on the lumbricals. 
This is because the interossei are not inserted to 
a significant degree into the extensor expansion. 
The extensor digitorum longus also dorsiflexes the 
ankle joint and acts with the fibular muscles to 
evert the foot. D If lumbricals weaken or fail to 
join the extensor expansion, the toes tend to be 
pulled into extension at the metatarsophalangeal 
joints (extensor digitorum longus and brevis) with 
flexion at the interphalangeal joints—a condition 
known as ‘hammer toe’. 


Fibularis tertius 


This small muscle is continuous at its origin with 
the extensor digitorum longus and appears to be a 
part of it [Fig. 18.13]. It arises from the distal part 
of the medial surface of the fibula and the adjacent 


interosseous membrane. It is inserted into the base 
of the fifth metatarsal bone. Frequently, it is partly 
fused with the tendon of the extensor digitorum 
longus to the fifth toe. Nerve supply: deep fibular 
nerve. Actions: it everts the foot and dorsiflexes 
the ankle. 


Extensor hallucis longus 


It arises from the middle of the medial surface of 
the fibula, medial to the extensor digitorum longus 
[Fig. 18.13]. The tendon passes deep to the retinac- 
ula and crosses in front of the anterior tibial artery. 
The inferior retinaculum holds the tendon lateral- 
ly, so that it inclines forwards and medially to the 
big toe. On the head of the metatarsal, the tendon 
forms an extensor expansion. The central part of 
the expansion passes to the distal phalanx. The lat- 
eral part of the expansion passes to the deep trans- 
verse metatarsal ligament; the medial part joins the 
tendon of the abductor hallucis (see later). It 
is this part of the expansion which is stretched over 
the head of the first metatarsal when the big toe 
deviates laterally in ‘hallux valgus’. Nerve supply: 
deep fibular nerve. Actions: it extends the phalan- 
ges of the big toe and dorsiflexes the ankle joint. It 
is used in inversion when the big toe is extended. 


Deep fibular nerve 


The deep fibular nerve is a branch of the common 
fibular nerve. It arises between the neck of the fib- 
ula and the fibularis longus muscle. It pierces the 
anterior intermuscular septum to enter the anterior 
compartment of the leg and descends with the an- 
terior tibial vessels [Fig. 18.11]. It lies on the interos- 
seous membrane between the tibialis anterior and 
the long extensors of the toe. Near the ankle joint, 
it is crossed superficially by the extensor hallucis 
longus tendon [Fig. 18.12] and enters the dorsum 
of the foot midway between the medial and lateral 
malleoli. It lies between the tendons of the exten- 
sor digitorum longus and extensor hallucis longus 
and the dorsalis pedis artery. It almost immediately 
divides into two branches: (1) A medial branch 
that continues towards the first interdigital space, 
it supplies the adjacent joints and the first dorsal 
interosseous muscle and ends by forming the dor- 
sal digital nerves for the adjacent sides of the big 
and second toes. (2) The lateral branch supplies the 
extensor digitorum brevis and the surround- 
ing joints. The deep fibular nerve supplies all the 
muscles of the anterior compartment of the leg 


and the extensor digitorum brevis. © If the nerve 
is destroyed, dorsiflexion of the ankle and exten- 
sion of the metatarsophalangeal joints are lost, and 
inversion is weakened. This condition is known as 
‘drop foot’. 


Anterior tibial artery 


This artery arises from the popliteal artery at the 
lower border of the popliteus. It enters the ante- 
rior compartment of the leg above the interosseous 
membrane, and runs on the anterior surface of that 
membrane with the deep fibular nerve. It becomes 
progressively more superficial, as it descends and 
forms the dorsalis pedis artery, midway between 
the medial and lateral malleoli [Fig. 18.12]. The an- 
terior tibial veins are closely applied to the artery. 


Branches 


It supplies the muscles of the anterior compartment 
of the leg and sends an anterior tibial recurrent 
artery upwards to the knee joint [see Fig. 18.23]. 
Other branches, medial and lateral anterior malleo- 
lar arteries help to form a rete on each malleolus. 
The lateral one anastomoses with the perforating 
branch of the fibular artery. 


Dorsalis pedis artery 


The dorsalis pedis artery is the continuation of the 
anterior tibial artery [Fig. 18.12]. It begins on the 
anterior surface of the ankle joint and runs with 
the deep fibular nerve, deep to the inferior exten- 
sor retinaculum, to the proximal end of the first 
intermetatarsal space. Here it divides into the ar- 
cuate artery and the first dorsal metatarsal 
artery. On the dorsum of the foot, it lies on the 
tarsal bones and is readily palpated against them 
between the tendons of the extensor hallucis lon- 
gus and extensor digitorum longus. 


Branches 


It gives medial and lateral tarsal branches to the 
tarsal bones and extensor digitorum brevis. The ar- 
cuate artery runs laterally across the base of the 
metatarsals, deep to the extensor tendons. It gives 
dorsal metatarsal arteries to the second, third, and 
fourth intermetatarsal spaces. Each of these com- 
municates with the plantar arch in the sole of the 
foot through perforating branches at the proximal 
end of the intermetatarsal space. The perforating ar- 
tery in the first space, the deep plantar branch 
of the arcuate artery, is larger than the others and 
carries blood to the medial end of the plantar arch 
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[see Figs. 18.30, 18.31]. Each dorsal metatarsal artery 
runs forwards over the corresponding dorsal inter- 
osseous muscle and gives dorsal digital arteries to 
two adjacent toes. The first and last of these dorsal 
metatarsal arteries send branches to the medial side 
of the big toe and the lateral side of the little toe. 


Extensor digitorum brevis 


The extensor digitorum brevis originates from the 
anterior part of the dorsal surface of the calcaneus 
and from the stem of the inferior extensor reti- 
naculum. It forms four tendons; the most medial is 
the extensor hallucis brevis. This tendon runs 
obliquely across the dorsum of the foot to the base 
of the proximal phalanx of the big toe. It extends 
the metatarsophalangeal joint of the big toe. The 
remaining three tendons join the long extensor 
tendons of the second to fourth toes. They are in- 
serted into the middle and terminal phalanges of 
these toes through the extensor expansions. Nerve 
supply: deep fibular nerve. Action: extension 
of the metatarsophalangeal and interphalangeal 
joints of the second, third, and fourth toes. 

Dissection 18.4 continues with the dissection of 
the front of the leg. 


Lateral side of the leg 





The fibularis longus and brevis muscles lie on the 
lateral surface of the fibula in the lateral compart- 
ment of the leg. They lie between the anterior and 
posterior intermuscular septa and take partial ori- 
gin from them [Fig. 18.7]. 


Fibular muscles 


The fibularis longus takes origin from the up- 
per two-thirds of the lateral surface of the fibula 


DISSECTION 18.4 Front of the leg-2 
Objective 


|. To study the extensor retinacula. 


Instructions 


1. Cut through the extensor retinacula, and reflect 
their attachments. 


2. Note the extensions from the deep surface that 
hold the tendons in place. 


[Fig. 18.13]. It lies over the fibularis brevis which 
arises from the lower two-thirds of the same sur- 
face. They descend together, closely applied to the 
lateral surface of the fibula, with the longus lying 
superficially. They pass behind the triangular sub- 
cutaneous area of the fibula to reach the posterior 
surface of the lateral malleolus. (The lateral malleo- 
lus is slightly grooved near its tip by them.) They 
lie in a common synovial sheath and are held 
in position by the superior fibular retinacu- 
lum—a thickened part of deep fascia between the 
fibula and the calcaneus [Fig. 18.14]. The tendons 
emerge from the retinaculum and run anteroin- 
feriorly below the lateral malleolus, on the later- 
al surfaces of the calcaneus and cuboid, with the 
fibularis brevis superior to the fibularis longus. On 
the lateral surface of the calcaneus, the tendons are 
separated by the fibular trochlea, to which the 
inferior fibular retinaculum is attached [Fig. 18.14]. 
At the lateral border of the foot, the fibularis brevis 
is attached to the base of the fifth metatarsal. Just 
proximal to this, the fibularis longus turns over the 
lateral margin of the cuboid, runs obliquely across 
the sole of the foot in a groove on the plantar sur- 
face of the cuboid, and is inserted into the medial 
cuneiform and the base of the first metatarsal. 
Nerve supply: superficial fibular nerve. Actions: 
the fibularis longus and brevis are both evertors of 
the foot and plantar flexors of the ankle joint. The 
fibularis longus also helps to maintain the trans- 
verse arch of the foot by pulling the lateral and 
medial borders of the foot together as it runs trans- 
versely across the sole. 

Dissection 18.5 looks at the fibular compartment 
of the leg. 


Terminal branches of the common 
fibular nerve 


The common fibular nerve turns round the lateral 
surface of the neck of the fibula. It gives off a small 
recurrent genicular branch to the knee joint and 
the superior tibiofibular joint. The common fibu- 
lar nerve then divides into the superficial and deep 
fibular nerves. The deep fibular nerve pierces the 
extensor digitorum to enter the anterior compart- 
ment of the leg. 


Superficial fibular nerve 


The superficial fibular nerve descends in the lateral 
compartment. It pierces the deep fascia in the dis- 
tal third of the leg and divides into medial and 
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Fig. 18.14 Dissection showing the synovial sheaths of tendons of the lateral aspect of the foot. 


intermediate dorsal cutaneous nerves. It 
supplies the fibularis longus and brevis, the skin of 
the lower part of the front of the leg, the large part 
of the dorsum of the foot, and most of the dorsal 
surfaces of the toes. 


Medial side of the leg 


This consists of the medial surface of the tibia. It is 
subcutaneous, except for a small part at the upper 


end which is covered by the tibial collateral liga- 
ment of the knee joint and the tendons of the sar- 
torius, gracilis, and semitendinosus [Fig. 18.13]. 


Long saphenous vein 


This important vein begins at the medial border 
of the foot by the union of the dorsal venous 
arch and the medial dorsal digital vein of the 
big toe. It ascends in front of the medial malleolus, 
obliquely backwards across the distal third of the 
medial surface of the tibia, along the medial border 


DISSECTION 18.5 Fibular compartment of the leg 


Objectives 


I. To expose and study the fibularis longus and brevis. 
Il. To identify and trace the superficial fibular nerve. 


Instructions 


1. Divide the deep fascia over the fibular muscles by a 
longitudinal incision. Turn the flaps aside, and dem- 
onstrate their continuity with the anterior and poste- 
rior intermuscular septa. Retain the fibular retinacula. 


2. Separate the muscles from each other. Determine 
their attachments, and find the nerves supplying them. 


3. Trace the common fibular nerve to the fibularis longus, 
and divide the muscle to follow the nerve between 


the muscle and the fibula. Trace the superficial fibular 
nerve downwards. Follow the deep fibular nerve into 
continuity with the part already found in the anterior 
compartment of the leg. 


4. Find and open the common synovial sheath of the 


fibular muscles. It begins 3-5 cm above the superior 
fibular retinaculum. Pass a blunt seeker into it, and try 
to define its extent. Distally, it divides to surround each 
tendon separately and continues into the sole of the 
foot around the tendon of the fibularis longus. 


5. Do not follow the latter tendon into the sole, but fol- 


low the tendon of the fibularis brevis to its insertion, 
and define the inferior fibular retinaculum. 
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of the tibia to the posteromedial side of the knee. 
The further course and termination of this vein is 
described in Chapter 13. In the leg, the long saphe- 
nous vein lies between two layers of membranous 
fascia and is crossed by a more superficial plexus of 
veins which tend to join it near the knee. The long 
saphenous vein receives many tributaries through- 
out its length and anastomoses through them 
with the short saphenous vein. 

The long saphenous vein communicates through 
valved perforating veins with the deep veins of the 
leg. Communications between the long saphen- 
ous vein and deep veins include those with: (1) 
the medial plantar veins on the medial surface of 
the foot; (2) the anterior tibial veins anterior to the 
ankle; (3) tributaries of the posterior tibial veins 
behind the medial margin of the tibia; and (4) con- 
tinuation with the femoral vein at the saphenous 
opening. 

The clinical importance of the saphenous veins is 
discussed in Clinical Application 18.1. 


Saphenous nerve 


The saphenous nerve arises from the femoral nerve 
in the femoral triangle and accompanies the femo- 
ral artery into the adductor canal. It leaves the ca- 
nal through the roof and lies deep to the sartorius. 
Here it gives off the infrapatellar branch, which 
pierces the sartorius to reach the patellar plexus. 
The nerve then emerges between the sartorius 
and the tendon of the gracilis a little above the 
knee. The saphenous nerve lies posteromedial to 
the knee and pierces the deep fascia inferior to it. 
In the leg and foot, it accompanies the long sa- 
phenous vein and ends in the skin of the medial 
side of the foot. It supplies the skin on the medi- 
al side of the knee, leg, and proximal part of the 
dorsum of the foot [see Fig. 13.9]. 

Dissection 18.6 looks at the medial side of the leg. 


Back of the leg 





The muscles of the back of the leg are divided into 
three layers by two sheets of fascia [Fig. 18.7]. The 
superficial layer of muscles is inserted into the heel 
by the large tendo calcaneus, which can be felt 
behind the lower part of the leg and ankle. This lay- 
er consists of the gastrocnemius, soleus, and plan- 
taris—muscles that are powerful plantar flexors of 
the ankle joint. They raise the weight of the body 


DISSECTION 18.6 Medial side of the leg 


Objectives 


|. To expose and clean the tendons of the sartorius, 
gracilis, semitendinosus. Il. To study the medial 


(tibial) collateral ligament. 


Instructions 


|. Trace the tendons of the sartorius, gracilis, and 
semitendinosus to their attachments. 


2. Turn them forwards, and note the complex bursa 
which lies between them and the tibial collateral 
ligament of the knee joint. 


3. Turn the tendons forwards, and clean the surface 
of the ligament. Note that the tendon of the semi- 
membranosus and the inferior medial genicular 
vessels and nerves pass deep to the superficial 
part of the ligament. 


4. The deep part of the ligament is attached to the 
margin of the tibial condyle, superior to the inser- 
tion of the semimembranosus. 


on to the toes, using the heads of the metatarsals 
as a fulcrum, e.g. in the push-off phase of walking. 
These muscles move independently of the middle 
layer of muscles. The middle layer of muscles in 
the back of the leg consist of the long flexors of the 
toes—the flexor hallucis longus and flexor digito- 
rum longus. They are separated from the superfi- 
cial muscles by a well-defined fascial layer which 
stretches from the medial border of the tibia to the 
posterior border of the fibula. This fascia encloses 
the muscles, together with their vessels and nerve, 
and is attached above to the soleal line on the tibia. 
At the ankle, this fascia is thickened to form part of 
the flexor retinaculum [see Fig. 18.17]. 

The deepest layer consists of the tibialis posterior 
which lies on the interosseous membrane between 
the tibia and fibula (E in Fig. 18.7). The fascia cov- 
ering the posterior surface of the tibialis posterior 
is attached above to the soleal line, laterally to the 
medial crest of the fibula, and medially to the verti- 
cal ridge on the tibia. 

Dissection 18.7 looks at the cutaneous vessels 
and nerves of the back of the leg. 


Short saphenous vein 


The short saphenous vein is formed by the union 
of the medial end of the dorsal venous arch of the 


DISSECTION 18.7 Cutaneous vessels and 
nerves—back of the leg 


Objectives 


I. To reflect the skin. Il. To identify and trace the 


cutaneous nerves and veins on the back of the leg. 


Instructions 


1. Make a transverse incision through the skin on the 
distal part of the heel. Carry the incision along the 
borders of the foot to join the previous incisions. 


2. Find the sural nerve and the short saphenous vein 
below the lateral malleolus. Then strip the skin and 
superficial fascia upwards from the back of the leg, 
retaining the nerve and vein. Small medial calca- 
nean nerves may be found, as the skin is removed 
from the medial side of the heel [Fig. 18.9]. 


3. Find the meeting point of the sural and fibular 
communicating nerves. Follow both upwards 
through the deep fascia to the tibial and common 
fibular nerves. 


4. Trace the short saphenous vein into the popliteal 
vein. 


foot and the dorsal digital vein of the lateral side of 
the little toe. It passes backwards, inferior to the lat- 
eral malleolus, and ascends in the back of the leg. 
It pierces the deep fascia at the lower border of the 
popliteal fossa and enters the popliteal vein. It drains 
the lateral side of the foot, ankle, and back of the leg. 


Sural nerve (S. 1, 2) 


The sural nerve arises from the tibial nerve in the 
popliteal fossa. It descends on the posterior surface 
of the gastrocnemius and enters the superficial fas- 
cia at the middle of the back of the leg. It is then 
joined by the fibular communicating nerve 
[see Fig. 14.2] and accompanies the short saphen- 
ous vein to the lateral side of the foot. The sural 
nerve supplies the skin on the lower lateral side of 
the back of the leg, the lateral border and lateral 
part of the dorsum of the foot, and the lateral side 
of the little toe. 


Fibular communicating nerve 
(L. 5; S. 1, 2) 
The fibular communicating nerve arises from the 


common fibular nerve in the popliteal fossa. It 
pierces the deep fascia over the lateral head of the 


gastrocnemius and descends to join the sural nerve 
[see Fig. 14.2]. Area of supply: the skin on the prox- 
imal two-thirds of the posterolateral surface of the 
leg and the territory of the sural nerve. 

The posterior branch of the medial anterior 
cutaneous nerve of the thigh (L. 2, 3) descends 
into the calf and supplies the skin in the upper pos- 
teromedial part of the leg. 


Lymph vessels and lymph nodes of the 
lower limb 


Very little of this system can be demonstrated by 
dissection as the lymph nodes are poorly seen, 
unless enlarged by disease. However, knowledge 
of the course of the lymph vessels, and the loca- 
tion of the nodes to which they drain, is essential 
in determining the possible site of disease when an 
enlarged lymph node is found. It follows that this 
important vascular system has to be understood 
principally from diagrams and from the text. 

The student should study Figs. 18.15 and 18.16, 
and note the following points. 


1. Superficial lymph vessels and nodes drain 
the skin and subcutaneous tissues. They lie superfi- 
cial to the deep fascia, which separates them from 
the deep lymph vessels and nodes. The superfi- 
cial and deep systems communicate with each oth- 
er only at certain points. In the lower limb, such 
communications occur through the cribriform fas- 
cia in the thigh and the popliteal fascia. (In the 
upper limb, it occurs in the axilla and where the 
basilic vein pierces the deep fascia of the arm.) 

2. The superficial vessels are much more numerous 
than the deep vessels. There are few lymph vessels 
in muscle, but very many in skin, synovial mem- 
branes, synovial sheaths, and bursae. 

3. Superficial lymph vessels take a direct course to the 
superficial lymph nodes. Deep lymph vessels run 
with the deep blood vessels and enter deep nodes. 

4. Superficial nodes in the lower limb are virtu- 
ally restricted to the inguinal region. These drain 
almost all the superficial tissues of the lower limb, 
perineum, and trunk below the level of the umbi- 
licus. The only exception is the superficial tissue of 
the lateral side of the foot and the back of the leg, 
which drains to the popliteal nodes by lymph ves- 
sels that accompany the short saphenous vein. 

5. The superficial inguinal lymph nodes are 
arranged in the shape of a T. The nodes forming 
the stem of the T drain the lower limb. The lat- 
eral nodes of the horizontal part of the T drain the 
upper lateral gluteal region and the posterior and 
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Fig. 18.15 Superficial lymph vessels of the anterior surface of the 
lower limb. 


lateral parts of the trunk. The medial nodes in the 
horizontal part of the T drain the upper medial 
part of the thigh, the perineum, the medial gluteal 
region, and the anteromedial part of the abdomi- 
nal wall below the umbilicus. 


. There is a ‘lymphshed’ along the back of the lower 


limb. (The term lymphshed refers to the imagi- 
nary line which separates areas draining medially 
and laterally.) Vessels from the medial half of the 
limb pass round the medial surface of the limb, and 
those from the lateral half pass round the lateral sur- 
face of the limb to converge on the inguinal lymph 
nodes [Fig. 18.16]. This ‘lymphshed?’ is split distally 
by the vessels flowing to the popliteal nodes. 


. Deep lymph vessels of the leg and foot enter the 


popliteal nodes. The lymph from the popliteal 
nodes drains into the deep inguinal lymph nodes 
through lymphatics that run along the femoral ves- 
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Fig. 18.16 Superficial lymph vessels of the posterior surface of 
the lower limb. 


sels. The deep inguinal lymph nodes also receive the 
efferent vessels from the superficial inguinal lymph 
nodes. They drain lymph to the external iliac 
nodes by passing behind the inguinal ligament. 

8. Deep lymph vessels of the perineum and gluteal 
region drain with the corresponding blood vessels 
(gluteal and internal pudendal) through the great- 
er sciatic foramen into the pelvis (internal iliac 
nodes). 


Deep fascia 


The importance of the dense deep fascia of the leg 
has already been mentioned in connection with 
venous drainage. At the ankle, the deep fascia is 
thickened to form the fibular and flexor retinacula 
[Figs. 18.14, 18.17] on the lateral and medial sides, 
respectively. The flexor retinaculum stretches 
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Fig. 18.17 Dissection of the leg and foot, showing the synovial sheaths. 


from the calcaneus to the medial malleolus. It cov- 
ers the tendons of the deep flexor muscles of the 
back of the leg, the tibial nerve, and posterior tibial 
vessels as they pass into the foot, posterior and in- 
ferior to the medial malleolus. Distally, the flexor 
retinaculum gives partial attachment to the abduc- 
tor hallucis muscle of the foot. 

Dissection 18.8 describes the dissection of the 
back of the leg. 


Superficial muscles of the calf 


Gastrocnemius 


Gastrocnemius takes origin by two heads from the 
femur—the lateral head from the lateral surface 
of the lateral condyle, and the medial head 
from the popliteal surface above the medial con- 
dyle [Fig. 18.18]. The medial head is separated 
from the tendon of the semimembranosus and 


DISSECTION 18.8 Back of the leg-1 


Objectives 


I. To dissect the flexor retinaculum. Il. To study the 
gastrocnemius, soleus, plantaris, and tendo calcaneus. 
Ill. To identify and trace the tibial nerve and posterior 
tibial vessels. 


Instructions 


1. Define the flexor retinaculum posteroinferior to the 
medial malleolus. The medial calcanean nerves and 
vessels may be found passing through it to the skin. 


2. Extend the division of the deep fascia (which was 
made when the sural nerve was followed) down to 
the calcaneus. Reflect the fascia. 


3. Identify and follow the bellies of the gastrocne- 
mius to their attachments. Lift the muscle from the 


underlying soleus, and cut across the medial head, 
close to its attachment to the femur. Turn the medial 
head laterally to expose the lower part of the pop- 
liteal vessels and tibial nerve in the popliteal fossa. 
Find the large muscular branches to the gastrocne- 
mius. 


Aie tendon of the semimembranosus from the 
proximal part of the medial head of the gastrocne- 
mius, and find the bursa which separates them. Lift 
this part of the medial head of the gastrocnemius, 
and find the bursa which separates it from the fibrous 
capsule of the knee joint. This bursa may be continu- 
ous with the bursa under the semimembranosus and 
with the joint cavity through the articular capsule. 


5. Trace the nerve to the soleus from the tibial nerve. 
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6. Find the plantaris, a small muscle posteromedial to 
the lateral head of the gastrocnemius. Follow its ten- 
don between the gastrocnemius and soleus to the 
medial side of the tendo calcaneus. 


7. Remove the fatty connective tissue in front of the 
tendo calcaneus. This uncovers the lower part 
of the intermuscular fascial septum which Is close to 
the deep fascia here. 


8. Cut across the lateral head of the gastrocnemius 
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Fig. 18.18 Right femur to show muscles attached to the posterior 
aspect. 


the articular capsule of the knee joint by bursae. 
The lateral head frequently contains a small sesa- 
moid bone (the fabella). The two fleshy bellies 


upwards. A small sesamoid bone may be felt within 
the head. 


9. Turn both bellies of the gastrocnemius downwards, 
and note their insertion into the tendo calcaneus. 


10. Expose the posterior surface of the soleus, and 
define its attachments. 


11. Note the tibial nerve and popliteal vessels passing 
deep to a tendinous arch, from which the intermedi- 
ate fibres of the soleus arise. 


remain separate. They end near the middle of the 
leg on the posterior surface of a thin common ten- 
don. This tendon fuses with the superficial surface 
of the tendon of the soleus to form the tendo 
calcaneus. 


Soleus 


This powerful, flat muscle arises from the: (a) poste- 
rior surface of the head and upper third of the shaft 
of the fibula; (b) soleal line and middle third of the 
medial border of the tibia; and (c) tendinous arch 
posterior to the popliteal vessels and tibial nerve. 
The thick tendon fuses with that of the gastrocnemi- 
us to form the tendo calcaneus [Figs. 18.19, 18.20]. 


Plantaris 


This small muscle (8-10 cm long) arises from the 
popliteal surface of the femur [Fig. 18.18] and is 
partly hidden by the lateral head of the gastrocne- 
mius. The long, slender tendon passes between the 
gastrocnemius and soleus and along the medial side 
of the tendo calcaneus to the calcaneus. The planta- 
ris is occasionally absent (compare with the palmaris 
longus). 

Nerve supply: these three muscles are supplied 
by the tibial nerve. 

Actions: the gastrocnemius and soleus are pow- 
erful plantar flexors of the ankle. They act around 
the fulcrum of the heads of the metatarsals, mainly the 
first, to raise the weight of the body onto the toes— 
a position which the soleus maintains in running. 
They are responsible for the powerful push-off in run- 
ning, jumping, and walking. They also act with the 
dorsiflexors of the ankle joint to stabilize the ankle. 

The gastrocnemius also flexes the knee joint, but 
it becomes ineffective as a plantar flexor of the ankle 
when the knee is bent. D If the femur is fractured 
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Fig. 18.19 Deep dissection of the back of the leg. 


a short distance proximal to the attachments of the 
gastrocnemius (supracondylar fracture), the gas- 
trocnemius pulls the distal fragment backwards. 
For this reason, these fractures are treated with the 
knee flexed, to relax the gastrocnemius and prevent 
this displacement. 

The gastrocnemius and soleus play an important 
role as ‘muscle pumps’ that return venous blood 
from the lower limbs. Both muscles have a consid- 
erable blood supply, and the soleus contains a large 
venous plexus. 

The plantaris can add very little to the strength 
of the gastrocnemius and soleus. 


Tendo calcaneus 


This powerful tendon is inserted into the smooth 
intermediate part of the posterior surface of the cal- 
caneus. The upper part of this surface is separated 
from the tendon by a small bursa. © If the tendon 
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is ruptured, the disability in walking is severe, and 
running is impossible. 

Dissection 18.9 continues the dissection of the 
back of the leg. 


Tibial nerve 


In the upper part of the leg, the tibial nerve lies 
deep to the first intermuscular septum with the 
posterior tibial vessels. In the lower third of the leg, 
it lies between the tendo calcaneus and the medial 
border of the tibia. Deep to the flexor retinaculum, 
it lies between the tendons of the flexor digitorum 
longus and flexor hallucis longus [Fig. 18.19]. The 
tibial nerve divides into medial and lateral plantar 
nerves, deep to the flexor retinaculum. 


Branches in the leg 


Muscular branches supply the tibialis posterior, 
flexor hallucis longus, flexor digitorum longus, 
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DISSECTION 18.9 Back of the leg-2 


Objectives 


|. To dissect and study the flexor hallucis longus, flexor 
digitorum longus and tibialis posterior. Il. To identify 
and trace the tibial nerve and posterior tibial vessels and 
fibular artery. 


Instructions 


1. Separate the soleus from the tibia, and turn it lat- 
erally. Divide the blood vessels to the muscle, not- 
ing the large veins which emerge from it. Retain the 
nerves. 


2. Look for any communications between the long 
Saphenous vein and the deep veins. Open these, and 
check for valves within them. 


3. The first intermuscular septum (deep to the soleus) is 
now exposed. Divide the septum longitudinally in the 
middle, and reflect it to expose the second layer of 
muscles and the neurovascular bundles. 


4. Trace the tibial nerve as far as the ankle. Find the mus- 
cular branches arising mainly in the upper part of the 
leg. The small nerve to the popliteus descends over 
the popliteus to enter the deep surface of the muscle 
[Fig. 18.19]. 


and soleus. They arise in the upper part of the leg. 
The medial calcanean nerves (S. 1) arise at the an- 
kle, pierce the flexor retinaculum, and supply the 
skin on the posterior and lower surfaces of the heel. 
Small articular branches pass to the posterior as- 
pect of the ankle joint. 


Popliteal vessels 


The popliteal artery starts at the adductor hiatus 
and ends at the distal border of the popliteus. Here 
the popliteal artery divides into the anterior and 
posterior tibial arteries, and the anterior and pos- 
terior tibial veins unite to form the popliteal vein. 


Anterior tibial artery 


This vessel gives off a small posterior tibial recur- 
rent artery to the back of the knee joint. It then 
passes forwards above the interosseous membrane 
to the anterior compartment of the leg. 


Posterior tibial artery 


The posterior tibial artery supplies the deep mus- 
cles of the back of the leg and is the main artery of 


5. Define the lower border of the popliteus, and follow it 
to its tendon. Do not attempt to follow it into the knee 
joint at this stage. 


6. Remove the fascia from the lowest part of the popliteal 


vessels. Find the anterior and posterior tibial branches 
of the artery and the corresponding veins. Check the 
continuity of the anterior tibial vessels with the vessels 
in the anterior compartment. Follow the posterior tibial 
artery as far as the ankle. Find the fibular artery which 
arises from it. This artery descends posterior to the fib- 
ula, under cover of the flexor hallucis longus. Trace it. 


7. Define and separate the long flexor muscles of the toes. 
The flexor hallucis longus is lateral to, and larger than, 
the flexor digitorum longus. Follow their tendons deep 
to the flexor retinaculum. Push the flexor hallucis longus 
laterally, and separate its deep surface from the second 
intermuscular septum and the interosseous membrane. 


8. Divide the intermuscular septum covering the tibialis 
posterior. Trace that muscle and its tendon as far as the 
flexor retinaculum. Note its close association with the 
medial malleolus. Palpate the tendon in your own foot 
between the medial malleolus and the navicular, first 
tightening it by plantar flexing and inverting the foot. 


the foot. It begins at the lower border of the popli- 
teus and descends with the tibial nerve. It ends by 
dividing into the medial and lateral plantar arter- 
ies, deep to the flexor retinaculum. 


Branches of the posterior tibial 
artery in the leg 


1. The fibular artery: this large branch arises close 
to the origin of the parent artery and descends 
along the back of the fibula. It supplies: (a) muscular 
branches; (b) the nutrient artery to the fibula; 
and (c) the perforating branch which pierces the 
interosseous membrane just above the inferior tibio- 
fibular joint and anastomoses with the lateral tarsal 
branch of the dorsalis pedis artery. The fibular artery 
gives the lateral malleolar and calcanean branches 
and ends by anastomosing with the posterior tibial 
artery on the back of the ankle joint. 

2. The circumflex fibular artery runs round the neck 
of the fibula to supply muscles and skin. 

3. A large nutrient artery to the tibia arises from 
the upper end of the posterior tibial artery. It en- 
ters the tibia a short distance below the soleal line. 


Like other nutrient arteries, it is the main supply to 
the bone. 

4. Muscular branches to the deep muscles of the 
back of the leg. 

5. Cutaneous branches to the medial side of the 
leg. 

6. A communicating branch to the fibular artery 
behind the ankle joint. 

7. Medial calcanean branches that run with the 
corresponding nerves. 


Deep muscles of the back of the leg 


Popliteus 


The popliteus is attached to the lateral condyle 
of the femur at the anterior end of the popliteal 
groove [see Fig. 13.21] and to the back of the lateral 
meniscus inside the capsule of the knee joint. It 
emerges through the posterior part of the capsule 
of the knee joint, below the arcuate popliteal 
ligament. The popliteus tendon then expands 
into a triangular fleshy belly which is attached to 
the posterior surface of the tibia above the soleal 
line [Fig. 18.20]. Nerve supply: tibial nerve. Ac- 
tions: when the leg is free, it medially rotates the 
tibia on the femur at the beginning of knee flexion. 
When the foot is on the ground, it laterally rotates 
the femur on the tibia. Both movements ‘unlock’ 
the extended knee joint and allow flexion to occur. 
The attachment to the meniscus ensures that the 
meniscus moves with the femoral condyle and is 
not caught between the femur and the tibia. 

The remaining deep muscles—flexor hallucis lon- 
gus, flexor digitorum longus, and tibialis posterior— 
have considerable attachments to the intermuscular 
septa and the interosseous membrane, in addition 
to the bones. Note that, for muscles of the lower 
limb, the more distal attachments are often fixed 
because the foot is on the ground: The actions given 
for the following muscles are stated as though the 
distal attachment was free to move, but the reverse 
action occurs with equal frequency. This is especial- 
ly true of muscles that stabilize the trunk on the hip 
joint and the femur on the tibia. The terms ‘origin’ 
and ‘insertion’ are used to differentiate the more 
proximal from the more distal attachment, rather 
than the more fixed from the more movable one. 


Flexor hallucis longus 


The flexor hallucis longus is much larger than the 
flexor digitorum longus—a feature determined by 
the relatively larger forces applied to the hallux, 


when compared to the other toes. It arises from the 
posterior surface of the fibula, below the origin of 
the soleus [Fig. 18.20]. Its tendon descends oblique- 
ly over the back of the ankle joint and enters the 
sole of the foot. In its course, the tendon lies in 
almost continuous bony grooves on the posterior 
surfaces of the tibia [Fig. 18.2] and the talus, and 
the inferior surface of the sustentaculum tali. It 
is inserted into the distal phalanx of the great toe. 
Nerve supply: tibial nerve. Actions: it flexes the 
metatarsophalangeal and interphalangeal joints of 
the great toe, and assists with plantar flexion of the 
ankle. These are important movements in the last 
phase of the ‘push-off’ in walking and running. 


Flexor digitorum longus 


The flexor digitorum longus arises from the me- 
dial part of the posterior surface of the tibia, distal 
to the soleal line [Fig. 18.20]. It descends behind 
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Fig. 18.21 Dissection of the medial side of the ankle, showing the structures deep to the flexor retinaculum. 


the tendon of the tibialis posterior, and its tendon 
grooves the back of the tibia, just medial to the medial 
malleolus. It passes deep to the flexor retinaculum, 
enters the sole of the foot, and divides into four 
tendons, one to the terminal phalanx of each of 
the lateral four toes [Figs. 18.19, 18.21]. Nerve 
supply: tibial nerve. Actions: it flexes the meta- 
tarsophalangeal and interphalangeal joints of the 
lateral four toes, and assists with plantar flexion of 
the ankle joint. It may play a part in inversion of 
the foot. 


Tibialis posterior 


The tibialis posterior arises from the posterior 
surface of the interosseous membrane and the ad- 
joining parts of the tibia and fibula [Figs. 18.19, 
18.20]. Distally, its tendon grooves the posterior 
surface of the medial malleolus and passes deep 
to the flexor retinaculum. In the foot, it crosses 
the inferior surface of the head of the talus and 
is inserted mainly into the tuberosity of the na- 
vicular bone. It also sends strong slips to all the 
other tarsal bones (except the talus) and to the 
middle three metatarsals. Nerve supply: tibial 
nerve. Actions: it plantar flexes the foot and also 
inverts it because of its extensions to the lateral 
tarsal bones. 


Flexor retinaculum 


This thick band of fascia passes from the medial 
malleolus to the medial process of the tubercle of 
the calcaneus. It is continuous proximally with the 
deep fascia of the leg and with the septum which 
covers the deep muscles [Fig. 18.21]. Distally, it is 


continuous with the deep fascia of the sole and 
gives attachment to the abductor hallucis muscle. 

Beneath the retinaculum lie the tendons of the 
tibialis posterior, flexor digitorum longus, flexor 
hallucis longus, posterior tibial vessels, and the 
tibial nerve. The vessels and nerves lie between the 
tendons of the flexor digitorum longus and flexor 
hallucis longus. They divide into the medial and 
lateral plantar vessels and nerves, deep to the reti- 
naculum [Fig. 18.21]. The position of the muscles 
of the leg within the fascial compartments is shown 
in Fig. 18.22. 
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Fig. 18.22 Transverse section through the middle of the leg. 
A = anterior; P = posterior; M = medial; L = lateral. 


Image courtesy of the Visible Human Project of the US National Library of 
Medicine. 
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Fig. 18.23 Arterial anastomosis on the front and sides of the left knee joint. 


Synovial sheaths 


The tendons deep to the flexor retinaculum are 
each surrounded by a synovial sheath. The syno- 
vial sheaths begin approximately 2 cm above the 
tip of the medial malleolus. 


Nerves and vessels of joints 


Note these general features in all synovial joints: (1) 
the nerves which innervate the muscles that move 
the joint also supply the joint; and (2) all arteries 
in the region of the joint send branches to it. The 
arteries form a circular anastomosis around each 
bone taking part in the joint [Fig. 18.23] and sup- 
ply the articular capsule and intracapsular bone. 


Dissection 18.10 instructs on dissection of the 
nerves and vessels of the knee joint. 


Nerves of the knee joint 


1. The femoral nerve supplies the anterosuperior 
part of the joint through the nerves to the three 
vasti muscles. The nerve from the vastus medialis 
accompanies the descending genicular artery. 

2. The common fibular nerve supplies the lateral 
part of the joint through the superior and inferior 
lateral genicular nerves and the recurrent genicular 
nerve. 

3. The tibial nerve supplies the medial and poste- 
rior parts of the articular capsule and the central 


DISSECTION 18.10 Nerves and vessels of the knee joint 


Objective 


|. To clean and trace the genicular arteries and nerves. 


Instructions 


1. As most of the structures around the knee joint have 
been dissected, it is possible to follow the various 
nerves and arteries to the knee. 


2. Find again the genicular branches of the popliteal 
artery and the tibial and common fibular nerves. Fol- 
low the inferior lateral genicular artery to the fibular 
collateral ligament of the knee joint. 


3. Cut through the tendon of the biceps above the knee, 
and turn it downwards to expose the fibular collateral 


ligament. Follow the artery and nerve between the 
ligament and articular capsule. 


4. Trace the inferior medial genicular artery and nerve 
along the upper border of the popliteus, till they dis- 
appear deep to the superficial part of the tibial col- 
lateral ligament of the knee joint. 


5. Turn the tendons of the sartorius, gracilis, and semi- 
tendinosus forwards, and find the artery and nerve 
emerging from beneath the ligament. 


6. Cut the popliteus near its tendon, and turn the 
muscle medially. This exposes the nerve to the 
popliteus. 
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structures within the capsule through the supe- 
rior medial, middle, and inferior medial genicular 
nerves. They run with the corresponding arteries 
[Fig. 18.23]. 

4. The obturator nerve sends a branch to the pos- 
terior surface of the knee joint. 


Anastomosis around the knee joint 


Numerous arteries [see Figs. 15.4, 18.23] contrib- 
ute to the anastomosis around the knee joint: two 
lateral and two medial genicular arteries from the 
popliteal artery; the descending genicular artery 
from the femoral artery; the genicular artery from 
the lateral circumflex femoral artery; and the an- 
terior and posterior tibial recurrent arteries. They 
anastomose with each other mainly in front of 
the joint. (The middle genicular artery plays little 
part in the anastomosis, since it supplies mainly 
the structures which lie within the knee joint.) 
The anastomosis around the knee is insufficient to 
maintain blood flow to the distal part of the limb 
when the popliteal artery is blocked. 


Anastomosis around the ankle joint 


On the lateral side, the lateral malleolar branch 
of the anterior tibial artery and the lateral tarsal 
branch of the dorsalis pedis artery anastomose with 
the perforating and terminal branches of the fibu- 
lar artery. On the medial side, the medial malleo- 
lar branch of the anterior tibial artery anastomoses 
with the medial calcanean branches of the posterior 
tibial artery. The posterior tibial artery also anasto- 
moses with the fibular artery, posterior to the ankle 
joint. 


Sole of the foot 


Begin by revising the surface anatomy of the re- 
gion of your own foot. Make certain that you can 
identify the palpable parts of the bones and the 
major tendons entering the foot from the leg. Note 
also the parts of the foot which are in contact with 
the ground in standing, in the various phases of 
walking, and in running. 

The foot has many features in common with 
the hand. The differences are related to the func- 
tion of the foot. The foot is a supporting structure 
carrying considerable loads in standing, and even 
greater loads in kicking, pushing off in running, 


and landing on the feet when jumping from a 
height. The foot is designed to be strong and resil- 
ient, unlike the hand which is designed for holding 
and grasping. Strength is obtained by having large 
tarsal and big toe bones held together by powerful 
ligaments. The binding of the metatarsal bone of 
the big toe to those of the other toes adds to the 
stability of the foot. Unlike in the hand, there is no 
opposition of the big or little toe and no muscles 
equivalent to the opponens muscles of the hand. 
Resilience is obtained by the presence of multi- 
ple joints, each of which has limited movement, 
and by the arrangement of the bones in an arch 
where tension between the components is altered 
in different positions of the foot. When standing, 
the weight of the body is supported on the heel 
and on the heads of the metatarsals (mainly the 
first metatarsal), and to a lesser extent on the lat- 
eral border of the sole of the foot. When moving 
forwards, the force is carried principally on the 
head of the first metatarsal and the big toe. (The 
remaining metatarsals and toes are relatively weak 
and can be looked upon as a stabilizing flap.) The 
arched shape of the foot has another advantage. It 
gives protection to the structures in the sole which 
would otherwise be subjected to the weight of the 
body. One special development to resist the pres- 
sure on the head of the first metatarsal is the pres- 
ence of two sesamoid bones on its plantar surface. 
These transmit the pull of the small muscles of the 
big toe, without subjecting them to pressure, and 
also make a tunnel through which the tendon of 
the flexor hallucis longus can reach the toe. 

See Dissection 18.11 for instruction on the dis- 
section of the sole of the foot. 


Superficial fascia 


This fascia is dense, especially over the heel and the 
ball of the foot. It contains loculi of fat in dense fas- 
cial pockets. The fat make the sole firm and resilient. 

The skin and superficial fascia of the sole are sup- 
plied by three sets of nerves and vessels: the medi- 
al calcanean nerves and vessels in the region of 
the heel; the branches of the medial and lateral 
plantar nerves and vessels in the greater part of 
the sole; and the plantar digital nerves and ves- 
sels in the toes [Fig. 18.24]. 


Deep fascia 


In the sole, the deep fascia is extremely thick in 
the intermediate region (plantar aponeurosis) but 


DISSECTION 18.11 Sole of the foot-1 


Objectives 


|. To reflect the skin. 
the sole of the foot. 


Il. To clean the superficial fascia of 


Instructions 


1. Cut longitudinally through the skin and superficial fascia 
of the sole, from the heel to the root of the middle toe. 
Avoid cutting into the deep fascia (plantar aponeurosis). 


2. Strip the skin and superficial fascia from the deep fas- 
cia with a knife. The superficial fascia, like that of the 
palm, is dense and firmly bound to the deep fascia. It 
has fat packed tightly in its interstices, so that it forms 
a firm pad, especially over the weight-bearing areas. 
(Stripping the skin and superficial fascia in one piece 
removes the cutaneous vessels and nerves [Fig. 18.24], 
but they are difficult to follow through the dense fascia.) 


3. On the lateral and medial sides, remove the fascia with 
care, so as to retain the digital nerves to the medial side 


Digital Nn. from 
medial plantar N. “7 


Medial part of deep fascia 


Plantar aponeurosis 


Cutaneous branches from 
medial plantar A. and N. 


Lateral part of deep fascia 


Medial calcanean N. and A. 


Calcaneus 


Fig. 18.24 Superficial dissection of the sole of the foot to show plantar aponeurosis. The skin and superficial fascia have been removed, 


and the fibrous flexor sheaths partially opened. 


6. 











of the big toe and the lateral side of the little toe. These 
become superficial further proximally, when compared 
with the other plantar digital nerves [Fig. 18.24]. 


Make a longitudinal incision through the skin on the 
plantar surface of each toe. Reflect the skin, and find 
the plantar digital vessels and nerves. Follow them to 
We end ohen. 


Expose the deep fascia of the toes. This is thickened to 
form the fibrous flexor sheath—a dense tunnel enclos- 
ing the flexor tendons in the toes. 


Define the plantar aponeurosis, and note the furrows 
at Its edges. The branches of the medial and lateral 


plantar vessels and nerves pass through these furrows 
to the skin of the sole. As you approach the toes, take 
care not to damage the plantar metatarsal arteries and 
common plantar digital nerves which become super- 
ficial between the slips of the plantar aponeurosis to 
the toes. 


Digital Nn. from 
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3rd and 4th 
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Fig. 18.25 Superficial dissection of the sole of the foot. The plantar aponeurosis has been removed. The abductor digiti minimi and 


abductor hallucis have been pulled aside. 


is thin medially and laterally where it covers the 
abductors of the big and little toes. The plantar 
aponeurosis is separated from the lateral and medial 
parts by shallow furrows, through which the cuta- 
neous branches of the plantar vessels and nerves 
enter the skin of the sole [Fig. 18.25]. 


Plantar aponeurosis 


The plantar aponeurosis is a thick layer of deep 
fascia attached posteriorly to the medial process 
on the plantar surface of the calcaneus. Anteriorly, 
it splits into five slips which pass to each toe. The 
margins of each slip curve dorsally over the sides 
of the flexor tendons and are attached to the plan- 
tar ligament of the metatarsophalangeal joint. The 
intermediate part is attached to the proximal end of 
the fibrous flexor sheath—the same arrangement as 
in the hand. Thus, each slip of the plantar aponeu- 
rosis is firmly bound to the proximal phalanx of a 
toe by its attachment to the plantar ligament and 
the fibrous flexor sheath. In being attached to the 
calcaneus behind and to the phalanges in front, 


the plantar aponeurosis acts as a flexible connector 
between the ends of the longitudinal arch of the 
foot. It is pulled distally when the toes are forcibly 
extended, e.g. in pushing off with the foot. This 
action tightens the aponeurosis and pulls the ends 
of the arch together, so that it forms a rigid struc- 
ture against which the push-off can be effective. 
Check this in your own foot by passively extending 
your toes with your hand. The plantar aponeurosis 
can then be seen and felt as a tight band which is 
relaxed when the toes are flexed [see Fig. 19.17]. 


Fibrous flexor sheaths 


The fibrous flexor sheath in each toe is a thick, 
fibrous tunnel. It is attached to the margins of the 
proximal and middle phalanges (proximal only in 
the big toe), to the base of the distal phalanx, and 
to the plantar ligaments of the interphalangeal 
joints. It is relatively thin at the interphalangeal 
joints, so as not to restrict flexion. The sheath con- 
tains the long and short flexor tendons enclosed in 
a synovial sheath in the lateral four toes, and the 


DISSECTION 18.12 Sole of the foot-2 
Objective 


l. To reflect the plantar aponeurosis and deep fascia. 


Instructions 


1. Cut across the plantar aponeurosis, 2-3 cm in 
front of the heel. Split the distal part longitudinally, 
and lift its parts away from the underlying flexor 
digitorum brevis. At the margins of this muscle, 
divide the intermuscular septa, and reflect the 
aponeurosis distally. Avoid injury to the plantar 
digital vessels and nerves lying immediately deep 
to the distal part of the aponeurosis. 


2. Remove the deep fascia from the abductor mus- 
cles of the hallux and little toe. Retain the plantar 
digital nerves already found to these toes. 


long flexor only in the great toe. Proximally, each 
sheath is continuous with the plantar aponeurosis. 

Dissection 18.12 continues the dissection of the 
sole of the foot. 

Structures in the sole of the foot are placed in a 
number of layers. These layers have no significance 
beyond that of description and are not clearly sepa- 
rated from one another. They represent the order 
in which the structures are uncovered and the gen- 
eral depth at which they lie. 

From superficial to deep, the layers consist of: 


1. Abductor hallucis, flexor digitorum brevis, abduc- 
tor digiti minimi, and the plantar digital vessels 
and nerves distally. This is the first layer of muscles. 

2. The proximal parts of the medial and lateral plan- 
tar nerves and vessels. 

3. The long flexor tendons—flexor hallucis longus 
and flexor digitorum longus and the flexor ac- 
cessorius and lumbrical muscles attached to it. 
This is the second layer of muscles. 

4. Flexor hallucis brevis, adductor hallucis, and flexor 
digiti minimi brevis. This layer is the third layer of 
muscles. 

5. The deep parts of the lateral plantar artery and 
nerve and their branches. 

6. The bones and ligaments of the foot, the tendon of 
the fibularis longus, insertions of the tibialis pos- 
terior to the tarsal and metatarsal bones, the inter- 
osseous muscles, and perforating branches of the 
plantar metatarsal arteries. This layer is the fourth 
layer of muscles. 


In general, the more superficial a muscle in the 
sole of the foot, the more likely it is to be long and 
to be attached to the ends of the arch, i.e. from heel 
to toe. Also the action of the superficial muscles 
helps to maintain the plantar arch. The muscles 
are important in drawing the bones of the arch to- 
gether when the arch is subjected to powerful forc- 
es during activity. They also protect the ligaments 
from the more severe stresses. 


Muscles in the sole of the 
foot—first layer 


Flexor digitorum brevis 


The flexor digitorum brevis takes origin from the 
medial process of the tubercle of the calcaneus and 
the plantar aponeurosis [Fig. 18.26]. It gives rise 
to four tendons to the lateral four toes. Each ten- 
don enters the fibrous flexor sheath of the toe and 
divides into two parts which curve over the long 
flexor tendon to the plantar surface of the middle 
phalanx. Nerve supply: medial plantar nerve. 
Actions: it flexes the metatarsophalangeal and 
proximal interphalangeal joints of the lateral four 
toes, and helps to reinforce the longitudinal arch 
of the foot. 


Abductor hallucis 


The abductor hallucis arises from the flexor reti- 
naculum and the medial process of the tubercle of 
the calcaneus [Fig. 18.26]. Part of the medial belly of 
the flexor hallucis brevis and the medial part of the 
extensor expansion formed by the extensor hallucis 
longus fuse with the tendon of the abductor hallucis 
and are inserted on the plantar aspect and adjacent 
medial surface of the proximal phalanx of the big 
toe. This plantar insertion of the abductor hallucis 
makes it less efficient as an abductor of the big toe 
(see Hallux valgus, p. 280). Nerve supply: medial 
plantar nerve. Actions: it moves the big toe away 
from the second toe, i.e. it abducts it at the meta- 
tarsophalangeal joint. It is often mainly a flexor of 
this joint. 


Abductor digiti minimi 

The abductor digiti minimi arises from both pro- 
cesses of the tubercle of the calcaneus [Fig. 18.26] 
and is inserted into the lateral side of the base of 
the proximal phalanx of the little toe. Part of the 
muscle is fused with the plantar fascia, which ex- 
tends between the lateral process of the calcaneal 
tubercle and the base of the fifth metatarsal. Nerve 
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Fig. 18.26 Muscle attachments to the left tarsus and metatarsus (plantar aspect). Interrupted lines show areas of attachment of ligaments. 


supply: lateral plantar nerve. Action: it abducts 
the little toe. 

Dissection 18.13 continues the dissection of the 
sole of the foot. 


Plantar nerves 


The medial and lateral plantar nerves are terminal 
branches of the tibial nerve and arise deep to the 


flexor retinaculum. They enter the sole of the foot, 
with the corresponding branches of the posterior 
tibial artery deep to the abductor hallucis. 

The medial plantar nerve gives branches to 
the abductor hallucis and flexor digitorum brevis, 
and runs forwards between them. Here it gives 
rise to: (1) the proper plantar digital nerve 
to the medial side of the great toe, which also 


DISSECTION 18.13 Sole of the foot-3 


Objectives 


|. To identify and study the flexor digitorum brevis, ab- 
ductor hallucis, abductor digiti minimi, flexor accessorius, 
lumbricals, and long flexor tendons. Il. To identify and 
trace the plantar arteries, nerves, and their branches. 


Instructions 


1. Find the proper plantar digital nerves in the toes 
[Fig. 18.27], and follow them proximally. At the 
metatarsals, these nerves unite to form the common 
plantar digital nerves. Nerves from the medial three 
interdigital spaces are branches of the medial plantar 


nerve. The nerve from the fourth space is from the 
lateral plantar nerve. 


2. Lift the flexor digitorum brevis, and cut across the 
muscle near its middle. Reflect its parts forwards and 
backwards, avoiding injury to the common plantar 
digital nerves which pass superficial to its distal part 
[Fig. 18.25]. Follow at least one of the tendons to its 
insertion. Cut the fibrous flexor sheath longitudinally 
to expose the tendon in the toe. 


3. Turn the abductor hallucis medially, and expose the 
medial and lateral plantar arteries and nerves. Follow 
the nerves and arteries distally in the foot. Trace their 


branches into continuity with the: (a) digital branch- 
es already exposed; and (b) branches to the medial 
side of the big toe and the lateral side of the little toe. 


Identify the long flexor tendons and the flexor acces- 
sories, deep to the vessels and nerves [Fig. 18.27]. 


Remove the abductor hallucis from the flexor reti- 
naculum. 


Cut the retinaculum, and follow the plantar nerves 
and arteries to their origins from the tibial nerve and 
the posterior tibial artery deep to the retinaculum. 


Identify and follow the tendon of the tibialis poste- 
rior to its insertion into the navicular bone. 


Follow the tendons of the flexor digitorum longus 
and flexor hallucis longus into the sole of the foot. As 
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the tendons are separated in the foot, note the small 
extension from the flexor hallucis longus to the flexor 
digitorum longus [Fig. 18.28]. 


Note the insertion of the flexor accessorius into the 
tendon of the flexor digitorum longus and its origin 
from the calcaneus. Note the branch from the lateral 
plantar nerve entering the flexor accessorius. 


Lift the superficial branch of the lateral plantar 
nerve, and trace its branch to the flexor digiti min- 
imi brevis. Do the same with the medial two digi- 
tal branches of the medial plantar nerve. The most 
medial sends a branch to the flexor hallucis brevis; 
the second sends a branch to the first lumbrical 
ele ses) 
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Flexor accessorius 
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Fig. 18.27 Dissection of the sole of the foot. Most of the flexor digitorum brevis has been removed. 
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Fig. 18.28 Long flexor tendons in the sole of the foot. 


supplies the flexor hallucis brevis; and (2) cutane- 
ous branches to the medial part of the sole of the 
foot. Further distally, it divides into three com- 
mon plantar digital nerves to the medial three 
interdigital clefts. The proper plantar nerves to the 
adjacent sides of the big, second, third, and fourth 
toes arise from these nerves [Fig. 18.27]. The distri- 
bution in the toes is similar to that of the median 
nerve in the fingers. The medial common plantar 
digital nerve also supplies the first lumbrical. 

The lateral plantar nerve passes between the 
flexor digitorum brevis and flexor accessorius, giv- 
ing branches to the flexor accessorius and abduc- 
tor digiti minimi. It then passes forwards and gives 
cutaneous branches to the lateral part of the sole. It 
divides into superficial and deep branches. 

The superficial branch divides into: (1) the 
proper plantar digital nerve to the lateral 
side of the little toe; and (2) a common plan- 
tar digital nerve to the fourth interdigital cleft. 
The nerve to the lateral side of the little toe gives 
muscular branches to the flexor digiti minimi bre- 
vis, the third plantar and fourth dorsal interossei. 
The common plantar digital nerve gives proper 
digital nerves to adjacent sides of the fourth and 
fifth toes. These are distributed in the same man- 
ner as the corresponding branches of the medial 
plantar nerve. The common plantar digital nerve 


of the third space (branch of the medial plan- 
tar nerve) and the common plantar digital nerve 
of the fourth space (branch of the lateral plantar 
nerve) communicate. Because of these communi- 
cations, there is considerable overlap of the areas 
supplied by each nerve. 

The deep branch of the lateral plantar nerve 
runs medially across the proximal parts of the meta- 
tarsals and supplies the remaining small muscles 
of the foot—adductor hallucis, flexor digiti minimi 
brevis, lateral three lumbrical muscles, medial two 
plantar interossei, and medial three dorsal inter- 
ossei. The distribution of the lateral plantar nerve 
in the foot is very similar to that of the ulnar nerve 
in the hand. 


Plantar arteries 


The medial and lateral plantar arteries are ter- 
minal branches of the posterior tibial artery given 
off deep to the flexor retinaculum. The medial 
plantar artery runs with the medial plantar 
nerve, supplying the surrounding structures, and 
gives branches corresponding to those of the nerve. 
The medial plantar artery ends by anastomosing 
with the branch of the first plantar metatarsal ar- 
tery to the medial side of the big toe. 

The lateral plantar artery runs with the lateral 
plantar nerve. It gives branches to the surrounding 
skin, muscles, and bones, and forms the plantar arch 
beside the deep branch of the nerve. The arch gives 
the proper plantar digital artery to the lateral side of 
the little toe, and plantar metatarsal arteries on 
each intermetatarsal space. Each plantar metatarsal 
artery communicates with the corresponding dor- 
sal metatarsal artery by a perforating branch 
in the proximal part of the space. It forms the com- 
mon plantar digital artery which divides into 
proper plantar digital arteries to the adjacent 
sides of two toes [Fig. 18.29]. 

Dissection of the sole of the foot continues in 
Dissection 18.14. 


Muscles in the sole of the 
foot—second layer 


This layer consists of the long flexor tendons and 
associated muscles [Fig. 18.28]. Note particularly 
the pulley-like arrangement of the flexor hallucis 
longus on the plantar surface of the sustentaculum 
tali, and the slip which it gives to the flexor digito- 
rum longus. Also note that the long flexor tendons 
cross each other, inferior to the head of the talus. 
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Fig. 18.29 Deep dissection of the sole of the foot. 


DISSECTION 18.14 Sole of the foot-4 


Objective 


|. To dissect the long flexor tendons, flexor accesso- 
rius, and lumbricals. 


Instructions 


1. Reflect the abductor digiti minimi from its origin, 
and expose the lateral head of the flexor accessorius. 


2. Remove the connective tissue from the long flexor 
tendons, the flexor accessorius, and the lumbri- 
cal muscles. Trace one of the tendons of the flexor 
digitorum longus through the fibrous flexor sheath 
to Its insertion. 


3. Trace one of the medial two lumbricals to the 
proximal phalanx. Attempt to find the attachment 
to the extensor expansion. 


Lumbricals 


Flexor digiti minimi brevis 


Lateral plantar A. and N. 
deep branch 


Long plantar lig. 


Abductor digiti 
minimi 


Flexor accessorius 


The flexor accessorius takes origin from both 
margins of the plantar surface of the calcaneus 
[Fig. 18.26]. It is inserted into the tendon of the 
flexor digitorum longus. Nerve supply: lateral 
plantar nerve. Action: it assists in flexing the toes 
by aligning the tendon of the flexor digitorum lon- 
gus to the toes. 


Lumbrical muscles 


These four small muscles arise from the tendons 
of the flexor digitorum longus [Fig. 18.28]. One 
tendon enters the medial side of each of the lat- 
eral four toes and is attached to the base of the 
proximal phalanx and to the extensor expansion. 
The tendons are inferior to the deep transverse 
metatarsal ligament and the transverse head of 
the adductor hallucis [Fig. 18.29]. Nerve supply: 
the first lumbrical is innervated by the medial 
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plantar nerve, and the other three by the lateral 
plantar nerve. Actions: they are weak muscles, 
but they play a part in the flexion of the metatar- 
sophalangeal joints of the lateral four toes, and 
they may also extend their interphalangeal joints. 
~ As in the hand, their paralysis prevents the 
extension of the interphalangeal joints when the 
metatarsophalangeal joints are fully extended by 
the extensor muscles. This leads to a condition 
known as ‘hammer toe’, in which the metatar- 
sophalangeal joints of the lateral four toes are fully 
extended, the proximal interphalangeal joints are 
flexed (by the flexor digitorum brevis), and the 
distal interphalangeal joints are extended due to 
pressure on the ground. 


Flexor tendons in the toes 


The arrangement of the flexor tendons and the 
fibrous flexor sheaths of the toes are the same as 
in the fingers. The synovial sheaths begin distal 
to the attachment of the lumbrical muscles, and 
extend to the base of the distal phalanx where 
these tendons are inserted. The sheath of the little 
toe may be continuous with the synovial sheath 
around the main tendon of the flexor digitorum 
longus. The sheath of the flexor hallucis longus 
extends from the lower part of the leg to the inser- 
tion of the tendon into the distal phalanx of the 
great toe. It is incomplete where it connects with 
the flexor digitorum longus. The tendons within 
the toes have the same arrangement of vinculae 
as the tendons in the fingers. 

Dissection of the sole of the foot continues in 
Dissection 18.15. 


Muscles in the sole of the 
foot—third layer 


Flexor hallucis brevis 


This powerful muscle arises from the plantar sur- 
face of the cuboid bone [Fig. 18.26] and the ad- 
joining fascia. It divides into two bellies which 
are inserted into the medial and lateral margins 
of the plantar surface of the proximal phalanx of 
the big toe. The medial belly is inserted with the 
tendon of the abductor hallucis, and the lateral 
with the adductor hallucis. Each tendon contains 
a sesamoid bone [see Fig. 19.14]. Nerve supply: 
medial plantar nerve. Actions: it flexes the meta- 
tarsophalangeal joint of the big toe and produces 
slight adduction because of its obliquity. 


DISSECTION 18.15 Sole of the foot-5 
Objective 


|. To transect the muscles and tendons of the second 
layer—flexor accessorius, flexor digitorum longus, and 
flexor hallucis longus. 


Instructions 


1. Divide the flexor accessorius and the tendons of 
the flexor digitorum longus and flexor hallucis 
longus close to where they unite. Reflect the distal 
parts of the tendons to uncover the three muscles 
which form the fourth layer [Fig. 18.29]. 


2. If needed, cut across the medial plantar nerve, and 
reflect it distally to permit sufficient reflection of 
the tendons. 


3. As the flexor digitorum is turned back, look for the 
branches of the deep branch of the lateral plantar 
nerve to the lateral three lumbrical muscles. 


Adductor hallucis 


The adductor hallucis takes origin from an oblique 
and a transverse head. The oblique head is from 
the base of the middle three metatarsals and from 
the tendon of the fibularis longus. The transverse 
head is from the deep transverse metatarsal liga- 
ment and the plantar ligaments of the lateral four 
metatarsophalangeal joints [Fig. 18.29]. The two 
heads fuse together and are inserted into the lat- 
eral margin of the proximal phalanx of the big toe, 
along with the lateral head of the flexor hallucis 
brevis. Nerve supply: deep branch of the lateral 
plantar nerve. Actions: the oblique head adducts 
and flexes the metatarsophalangeal joint of the big 
toe. The transverse head draws the plantar surface 
of the roots of the toes together and so increases 
the transverse metatarsal arch. 


Flexor digiti minimi brevis 
The flexor digiti minimi brevis arises from the base 
of the fifth metatarsal [Fig. 18.26] and is inserted 
into the lateral side of the base of the proximal 
phalanx of the little toe. Nerve supply: superfi- 
cial branch of the lateral plantar nerve. Action: 
flexion of the metatarsophalangeal joint of the 
little toe. 

See Dissection 18.16 for further instructions on 
dissection of the sole of the foot. 


DISSECTION 18.16 Sole of the foot-6 


Objectives 


|. To expose and study the flexor hallucis brevis, 
adductor halluces, and flexor digiti minimi brevis. 
Il. To identify and trace the deep branch of the lateral 
plantar nerve, the plantar arch, and their branches. 


Instructions 


1. Define the attachments of the flexor hallucis bre- 
vis, adductor hallucis, and flexor digiti minimi bre- 
vis. Avoid injury to the deep branch of the lateral 
plantar nerve, the plantar arch, and their branches. 


2. Detach the flexor hallucis brevis and the oblique 
head of the adductor from their origins. Turn them 
forwards to expose the nerve and artery. 


3. Cut across the abductor hallucis. Turn its distal 
part forwards with the flexor hallucis brevis. Define 
their common insertion, and identify the sesamoid 
bone in their tendon. Cut this tendon and the bone 
away from the articular capsule of the first metatar- 
sophalangeal joint. Note that the sesamoid bone 
rests directly on the head of the first metatarsal. 


4. Find the nerves to the oblique and transverse 
heads of the adductor. Then trace the deep branch 
of the lateral plantar nerve, the plantar arch, and 
their branches. 


Sesamoid bones of the foot 


There are two small sesamoid bones in each of the 
tendons of the flexor hallucis brevis. They extend 
beyond the tendons, through the plantar ligament 
of the metatarsophalangeal joint of the big toe, and 
articulate with the plantar surface of the head of 
the metatarsal. This arrangement increases the size 
of the metatarsal head of the big toe. The bones 
also protect against compression and devasculari- 
zation of the tendons of the flexor hallucis brevis 
and longus. (Sesamoid bones or cartilages are also 
found in the tendons of the fibularis longus and 
tibialis posterior as they enter the sole.) 


Deep branch of the lateral 
plantar nerve 


The deep branch arises from the lateral plantar 
nerve at the base of the fifth metatarsal and runs 
medially on the proximal parts of the metatarsal 
bones and the interosseous muscles [Fig. 18.30]. It 
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Fig. 18.30 Arteries and nerves of the sole of the foot. 


is deep to the oblique head of the adductor hallu- 
cis and ends in it. It supplies the adductor hallucis, 
the lateral three lumbrical muscles, the medial two 
plantar interossei, and the medial three dorsal in- 
terossei. It sends branches to the distal intertarsal, 
tarsometatarsal, and intermetatarsal joints. 


Plantar arch 


The plantar arch is a continuation of the lat- 
eral plantar artery. It runs with the deep branch 
of the lateral plantar nerve to the proximal end 
of the first intermetatarsal space. The arch gives rise 
to plantar metatarsal arteries to each of the 
intermetatarsal spaces. Each of these arteries com- 
municates with the corresponding dorsal meta- 
tarsal artery by a perforating branch through 
the space. The plantar metatarsal arteries form the 
common plantar digital arteries. In the first 
space, the perforating branch comes from the arcu- 
ate artery (deep plantar branch) and is mainly 
responsible for the formation of the plantar meta- 
tarsal artery of that space. Each common plantar 
digital artery divides into two proper plantar 
digital arteries to the adjacent sides of two toes. 
The proper plantar digital artery to the medial side 
of the big toe arises from the common plantar digi- 
tal artery in the first space [Fig. 18.30]. The arch and 
its branches supply all the surrounding structures, 
including the bones and joints. The proper digital 
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DISSECTION 18.17 Sole of the foot-7 


Objectives 


|. To expose and study the interossei. Il. To study 
the terminal parts of the tibialis posterior and fibularis 
longus tendons. 


Instructions 


1. Expose the deep transverse metatarsal ligament by 
detaching the transverse head of the adductor hal- 
lucis from its origin and reflecting it medially. 


2. Note the attachment of the fibrous flexor sheath, 
the plantar aponeurosis, and the extensor ex- 
pansion to the fibrous capsule of each metatar- 
sophalangeal joint. 


3. Detach the flexor digiti minimi brevis from its ori- 
gin. Reflect it forwards to expose the interossei in 
the lateral intermetatarsal space. 


4. Pull on the tendon of the tibialis posterior. Note 
its main attachment to the navicular bone and its 
extensions to other tarsal and metatarsal bones. 


5. Pull on the tendon of the fibularis longus. Cut 
through the fibrous bridge (long plantar ligament) 
on the plantar surface of the cuboid bone. Follow 
the tendon to its insertion. 


arteries anastomose with each other and with the 
dorsal digital arteries in the distal parts of the toes. 
Thus, there is a very free anastomosis between the 
branches of dorsalis pedis artery and the plantar 
arteries. This is well illustrated in the angiogram of 
the foot [Fig. 18.31]. 

See Dissection 18.17 for further investigation of 
the sole of the foot. 


Muscles in the sole of the 
foot—fourth layer 


Deep transverse metatarsal ligament 


These strong bands of dense connective tissue unite 
the plantar ligaments of the metatarsophalangeal 
joints and are attached to the proximal phalanges 
through them. The ligaments help to prevent the 
bases of the toes from spreading out, and so main- 
tain the transverse metatarsal arch. The interossei 
enter the toes, dorsal to these ligaments; the lum- 
bricals and plantar digital nerves and vessels are on 
their plantar surface. 


Interossel 


The general arrangement of the interossei is the 
same as in the hand, except that the second (and 
not the middle) toe has two dorsal interossei. 
There is a plantar interosseous to each of the lateral 
three toes, and four dorsal interossei to the mid- 
dle three toes. All the interossei are inserted into 
the bases of the proximal phalanges, with little at- 
tachment to the extensor expansion [Fig. 18.32]. 
Nerve supply: lateral plantar nerve. Actions: the 
plantar interossei adduct the lateral three toes to 
the line of the second toe—the axis of the foot. 
The dorsal interossei abduct the middle three toes 
from the axis of the foot. They also flex the meta- 
tarsophalangeal joints but usually do not extend 
the interphalangeal joints. 


Tendon of tibialis posterior 


This tendon runs over the posterior surface of the 
medial malleolus (which acts as a pulley for it) 
and beneath the medial part of the plantar cal- 
caneonavicular ligament to the tuberosity of the 
navicular bone [Fig. 18.33]. It spreads out to all 
the other tarsal bones (except the talus) and to the 
bases of the middle three metatarsals. The power- 
ful plantar calcaneonavicular ligament runs 
from the sustentaculum tali to the navicular. It 
supports the head of the talus which carries the 
weight of the body. The downward force exerted 
by the talus tends to separate the calcaneus and 
the navicular and stretch the ligament. The tibialis 
posterior pulls the navicular posteriorly and helps 
support some of the load on the ligament. Under 
the ligament, the tibialis posterior tendon contains 
a piece of fibrocartilage, which is sometimes ossi- 
fied to form a sesamoid bone. The extensions of the 
tendon to the other bones pull the plantar surfaces 
of the bones together, strengthen the arches, and 
protect the plantar ligaments. 


Tendon of fibularis longus 


The tendon of the fibularis longus contains a sesa- 
moid bone or cartilage. It turns around the lateral 
border of the cuboid bone and runs anteromedi- 
ally in the groove on its plantar surface. The long 
plantar ligament [Fig. 18.33] converts the 
groove into a tunnel, in which the tendon slides in 
its synovial sheath. The tendon is inserted into the 
base of the first metatarsal and the adjacent part of 
the medial cuneiform bone, close to the insertion 
of the tibialis anterior. When the fibularis longus 
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Fig. 18.31 Lateral radiograph of the foot after injection of the arteries with X-ray-opaque material. 
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Fig. 18.32 Interosseous muscles of the right foot. 
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Fig. 18.33 Plantar aspect of the tarsal and tarsometatarsal joints. 


contracts, it everts the foot. Tension developed in its 
tendon prevents stretching of the ligaments which 
maintain the transverse arch of the tarsal bones. 
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See Clinical Applications 18.1, 18.2, 18.3, and 
18.4 for some practical implications of the anato- 


my discussed in this chapter. 


CLINICAL APPLICATION 18.1 Varicose veins of the leg 


In the long and short saphenous veins, valves ensure that 
the blood flows upwards towards the heart and is pre- 
vented from flowing downwards under the influence of 
gravity [Fig. 18.34A]. The valves in the perforators ensure 
that blood flows from superficial to deep, taking advan- 
tage of the fact that the deep veins (but not the superfi- 
cial ones) are emptied by contraction of the surrounding 
muscles [Fig. 18.34B]. Commonly, one or both saphen- 
ous veins become tortuous and dilated, due to incompe- 
tency of their valves [Fig. 18.34C]. Venous blood stagnates 


and pools in the superficial veins, causing discomfort and 
pain. As the valves in the perforators are incompetent, 
blood from the deep veins enters the superficial ones 
during muscle contraction. As the valves in the superficial 
veins are incompetent, blood flows distally under the in- 
fluence of gravity. Varicose veins prevent proper venous 
return in the lower limb and dam back the entry of arte- 
rial blood to the region. This leads to poor nutrition of 
tissue and non-healing of injuries. Small accidental cuts 
into the vein wall can lead to rapid exsanguination. 
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Fig. 18.34 Diagrams to show the flow of blood in the superficial and deep veins. (A) Valves in superficial and deep veins preventing down- E 

ward flow of blood. (B) Deep veins are emptied by contraction of surrounding muscles. (C) Dilatation of the superficial and communicating S 

veins makes their valves incompetent, so that blood flows distally in the superficial veins and from the deep veins to the superficial veins O 

when the muscles contract. a. Skin. b. Superficial vein in the superficial fascia. c. Deep fascia. d. Deep vein. a 
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CLINICAL APPLICATION 18.2 Intragluteal injection with damage to the common fibular nerve 


A 39-year-old man developed sensory loss and foot 
drop after a poorly administered intragluteal injection. 
On examination, the patient was found to have sensory 
loss on the outer side of the right calf and the dorsum of 
the right foot. He was unable to dorsiflex the ankle and 
evert the foot. When he was asked to flex his knee and 
lift his leg, there was noticeable plantar flexion—a condi- 
tion known as foot drop. He also had difficulty extending 
his toes. 

Study question 1: of the two parts of the sciatic nerve— 
the tibial and common fibular—which part seems solely 
involved in this case? (Answer: common fibular nerve.) 

Study question 2a: how do you account for the loss 
of sensation to the lateral side of the calf? (Answer: the 
lateral cutaneous nerve of the calf and the fibular com- 
municating branch of the sural nerve arise from the com- 
mon fibular nerve and are damaged.) 

Study question 2b: how do you account for the loss of 
sensation over the dorsum of the foot? (Answer: the dor- 
sum of the foot is supplied by the cutaneous branches 
of the deep fibular nerve—the first interdigital cleft and 
adjacent sides of the big and second toes—and by the 
superficial fibular nerve—the medial side of the big toe, 
adjacent sides of the second and third toes, adjacent 
sides of the third and fourth toes, and the medial side 
of the little toe. Deep and superficial fibular nerves are 


branches of the common fibular nerve which is damaged 
in the gluteal region.) 

Study question 3: why is the patient unable to evert his 
foot? Name the muscles affected and their nerve supply. 
(Answer: eversion is lost, because the muscles causing 
eversion—fibularis longus and brevis—supplied by the 
superficial fibular nerve are denervated.) 

Study question 4: why is the patient unable to dorsi- 
flex his foot? Name the muscles affected and their nerve 
supply. (Answer: dorsiflexion is lost, because the muscles 
causing dorsiflexion—tibialis anterior, extensor hallucis 
longus, extensor digitorum longus, fibularis tertius— 
supplied by the deep fibular nerve are denervated.) 

Study question 5: if this were a case of injury to the 
deep fibular nerve alone, with what neurological signs 
would the patient present? (Answer: the patient would 
present with foot drop and an inability to dorsiflex his 
foot. Sensory loss would be confined to the first interdigi- 
tal cleft. Eversion and sensation on the rest of the dorsum 
of the foot would be normal.) 

Study question 6: explain why the patient had difficulty 
extending his toes. (Answer: the patient has lost the use 
of the extensor hallucis longus and extensor digitorum 
longus, so his extension is weakened. Extension is still 
possible, because the interossei extend the toes through 
their insertion into the extensor expansion.) 
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CLINICAL APPLICATION 18.3 Anterior compartment syndrome 


During football practice, a 20-year-old student expe- 
rienced severe pain over the anterolateral aspect of his 
right leg, which radiated down to his ankle. On exami- 
nation, there was redness and swelling over the antero- 
lateral aspect of his right leg. On palpation, the area was 
extremely tender and hard, and corresponded to the area 
of the tibialis anterior. Dorsiflexion of the foot and toes 
was limited. The dorsalis pedis pulse was well felt. A diag- 
nosis of ‘anterior tibial syndrome’ was made. The condi- 
tion is caused by impairment of blood flow to the muscles 
during strenuous exercise and possibly tearing of muscle 
fibres and microhaemorrhage. As there was no improve- 
ment with conservative treatment, surgical measures were 


resorted to. The fascia over the anterior aspect of the leg 
was incised under general anaesthesia, with good results. 

Study question 1: name the bony surfaces and fascia 
which enclose the tibialis anterior. (Answer: the lateral 
surface of the shaft of the tibia, the anterior surface of 
the shaft of the fibula, the deep fascia of the leg, and the 
interosseous membrane [Fig. 18.22].) 

Study question 2: name the vessels and nerves in this 
compartment. (Answer: deep fibular nerve and anterior 
tibial artery.) 

Study question 3: from the given history, how do we 
know that the artery is not compressed? (Answer: the 
dorsalis pedis pulse is well felt.) 


CLINICAL APPLICATION 18.4 Stress fractures 


Weight-bearing bones, such as the tibia and the meta- 
tarsals, can develop ‘stress fractures’. A stress fracture is a 
fatigue-induced fracture of the bone, caused by repeated 
stress over time, and may result from prolonged exercise 


or from repeated submaximal loading in running or 
jumping. Because of this mechanism, stress fractures are 
common overuse injuries in athletes. 


CHAPTER 19 


The joints of the lower limb 





The hip joint is described in Chapter 17. 





The massive knee joint is a synovial condylar joint 
between the condyles of the femur, the condyles of 
the tibia, and the patella. It carries severe stresses 
and yet has a wide range of movement. The main 
movements possible at the knee are flexion, which 
is limited only by contact between the leg and the 
thigh, and extension. In addition, a moderate de- 
gree of rotation is possible when the knee is flexed. 
In all positions of the joint, the femur articulates 


Anterior horn of medial meniscus 





Medial meniscus 


with the tibia and the patella. The strength of the 
joint depends on ligaments and muscles, rather 
than on the close fitting of bones. The articular 
surface on the femoral condyles is long and ex- 
tends on the anterior, inferior, and posterior sur- 
faces [see Figs. 13.3, 13.4]. The articular area of the 
tibial condyles is much smaller. As such, at any 
stage of movement, only a relatively small area of 
the convex femoral condyle articulates with the 
corresponding slightly concave tibial condyle. On 
the tibia, the periphery of the condyles are fitted 
with a C-shaped rim of fibrocartilage—the medial 
and lateral menisci [Fig. 19.1]. The medial and 
lateral menisci extend inwards from the articular 
capsule between the articular surfaces of the femur 
and tibia. The ends of the C of both menisci are at- 
tached to the median non-articular intercondylar 


Transverse lig. of knee 


Lateral meniscus 


Anterior cruciate lig. 


Medial intercondylar tubercle 


Posterior horn of lateral meniscus 


Posterior horn of medial meniscus 


Slip from lateral meniscus to 
posterior cruciate lig. 


Posterior cruciate lig. 


Fig. 19.1 Upper end of the tibia with menisci and portions of the cruciate ligaments. 
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DISSECTION 19.1 Knee joint-1 
Objective 


|. To clean the capsule of the knee joint. 


Instructions 


1. Remove the structures surrounding the knee joint. 
Retain the fibrous articular capsule, collateral liga- 
ments, and tendons that have connections with 
the ligaments. 


area of the tibia. The synovial cavity extends over 
the thin internal edges of the menisci, and between 
them and the articular surfaces of the bones. The 
menisci are free to slide on these surfaces as far as 
their attachments to the articular capsule and tibia 
permit. The menisci deepen the articular surfaces 
on the tibia and help to spread the synovial fluid 
between the weight-bearing surfaces of the femur 
and tibia. 
See Dissection 19.1. 


Extracapsular structures of 
the knee joint 


Articular capsule 


The fibrous capsule is thin and extensive at the back, 
but thicker and shorter at the sides. In front, it is 
replaced from above downwards by the patellar ten- 
don, the patella, and the tendon of the quadriceps. 
This arrangement allows full range of flexion of the 
knee, yet maintains necessary tension in the capsule 
in all positions by the contraction of the quadriceps. 


Attachments of the articular capsule 


Posteriorly and at the sides, the fibrous capsule is 
attached close to the articular margins of the tibial 
condyles, the femoral condyles, and the intercon- 
dylar line of the femur. Anteriorly, it follows the 
oblique lines on the tibia downwards to the sides 
of the tibial tuberosity and blends with the patellar 
tendon, the sides of the patella, and the tendon of 
the quadriceps. The fibrous capsule is perforated in 
two places: (1) where the tendon of the popliteus 
emerges from the capsule posterior to the lateral 
tibial condyle; and (2) where the bursa under the 
medial head of the gastrocnemius continues with 
the synovial membrane of the joint at the back of 
the medial femoral condyle. 


Fibrous structures which strengthen 
the joint 
Patellar tendon /patellar ligament 


This powerful ligament is the continuation of the 
quadriceps tendon, inferior to the patella. It ex- 
tends from the apex and lower parts of the patella 
to the smooth upper part of the tibial tuberosity. 
Two important structures lie deep to the ligament. 
The infrapatellar pad of fat separates the upper 
part of the ligament from the synovial membrane 
of the knee joint. The deep infrapatellar bursa 
separates the lower part of the ligament from the 
upper part of the tibia [Fig. 19.2]. 


Fibular collateral ligament 


The fibular collateral ligament is cord-like and ex- 
tends from the lateral epicondyle of the femur to 
the head of the fibula. It pierces the tendon of the 
biceps femoris. It is separated from the fibrous cap- 
sule of the joint by fatty tissue, in which the infe- 
rior lateral genicular vessels and nerve run. Deep to 
the ligament, the fibrous capsule is separated from 
the meniscus by the tendon of the popliteus 
[Fig. 19.3]. 


Tibial collateral ligament 


The tibial collateral ligament is broad and flat. It 
arises from the medial epicondyle of the femur, in 
continuation with fibres from the tendon of the 
adductor magnus. Inferiorly, it splits into two lay- 
ers. The deep layer fuses with the fibrous capsule 
and the underlying medial meniscus, and passes to 
the articular margin of the medial condyle of the 
tibia. The superficial layer is inserted into the 
medial surface of the tibia, anterior to the inser- 
tions of the sartorius, gracilis, and semitendinosus. 
It is separated from the medial condyle of the tibia 
by the inferior medial genicular vessels and nerve 
and by the insertion of the semimembranosus [see 
Fig. 18.13]. 


Oblique popliteal ligament 


This is an extension of the semimembranosus ten- 
don. It arises from the tendon close to its insertion, 
and runs upwards and laterally to fuse with the fi- 
brous capsule [Fig. 19.4]. 


Patellar retinacula 

These are fibrous expansions from the vastus me- 
dialis and lateralis into the fibrous capsule on the 
medial and lateral sides of the patellar tendon. 
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Fig. 19.2 (A) Sagittal section of the right knee joint. The popliteal vein is not shown. (B) MRI of the knee, sagittal section. 


lliotibial tract 


The iliotibial tract fuses with the fibrous capsule 
between the fibular collateral ligament and the pa- 
tellar tendon. 

See Dissection 19.2 which continues with the 
dissection of the knee joint. 


intracapsular structures of 
the knee joint 


Interior of the knee joint 


The cavity of the knee joint may be described as 
four separate communicating cavities. There is one 
cavity between the medial femoral and medial tib- 
ial condyles, and one between the lateral femoral 
and lateral tibial condyles. These are separated pos- 
teriorly by the synovial membrane which extends 
from the intercondylar fossa of the femur to the 
intercondylar area on the superior surface of the 
Fig. 19.3 Fibular collateral ligament of the right knee joint. tibia. This membrane covers the front and sides of 
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Fig. 19.4 Right knee joint from behind. 


the cruciate ligaments. The patellofemoral cav- 
ity lies between the anterior surface of the femur 
and the patella. The fourth cavity is the suprapa- 
tellar bursa between the quadriceps tendon and 
the femur [Fig. 19.2A]. The infrapatellar fold 
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of the synovial membrane extends from the pos- 
terior surface of the patellar tendon to the anterior 
margin of the intercondylar fossa of the femur. The 
infrapatellar fold has a free crescentic margin di- 
rected posteriorly [Fig. 19.6]. 


DISSECTION 19.2 Knee joint-2 


Objective 


I. To open the knee joint by incising the quadriceps 
tendon. 


Instructions 


1. Cut across the quadriceps tendon, immediately 
proximal to the patella. Carry the ends of this 
incision downwards to the tibial condyles, passing 
2-3 cm on either side of the patellar tendon. Turn 


the patella down, and expose the cavity of the knee 
joint [Fig. 19.5]. 


2. Lift the tendon of the quadriceps, and note that the cav- 


ity of the joint extends upwards, deep to it, to form the 
suprapatellar bursa. Split the lower part of the quadriceps 
longitudinally, and examine the extent of the bursa. 


3. Flex and extend the joint. Note the type of movement 


which occurs between the tibia and femur. 


4. Examine the infrapatellar fold [Fig. 19.6]. 
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Fig. 19.5 Dissection of the right knee from the front—the patella and patellar ligament turned down. 


Synovial membrane 


The synovial membrane lines the capsule of the 
knee joint, except in the posterior part where it 
turns forwards to surround the cruciate ligaments 
[Fig. 19.6]. It also covers the non-articular struc- 
tures within the fibrous capsule, i.e. the infrapa- 
tellar pad of fat and the tendon of the popliteus. 
It separates the popliteus tendon from the lateral 
condyle of the femur. The synovial membrane does 
not cover the articular surfaces of the bones and 
the menisci but lines the suprapatellar bursa. 

See Dissection 19.3 for instructions on continu- 
ing dissection of the knee joint. 


Cruciate ligaments 


These ligaments cross each other like the letter ‘X’, 
which accounts for their name. 

The anterior cruciate ligament passes from 
the anterior part of the intercondylar area of the 
tibia [Fig. 19.1] to the posterior part of the medial 
surface of the lateral condyle of the femur [Fig. 19.7]. 


The posterior cruciate ligament passes from 
the posterior part of the tibial intercondylar area 
[Figs. 19.1, 19.7] to the anterior part of the lateral 
surface of the medial condyle of the femur. It 
receives one or more slips from the posterior part 
of the lateral meniscus (meniscofemoral liga- 
ments). The cruciate ligaments hold the femur to 
the tibia and prevent it from sliding forwards (pos- 
terior cruciate) or backwards (anterior cruciate) on 
the flat upper surface of the tibia. Both ligaments 
remain relatively tight throughout flexion and 
extension of the knee joint, but do not prevent 
these movements because their attachments to the 
femur are close to the axis of the movements. 

However, towards the end of extension, the ante- 
rior cruciate ligament becomes tight and prevents 
the lateral femoral condyle from sliding back on 
the tibia. At this stage of extension, the medial 
condyle continues to slide back on the tibia, pro- 
ducing medial rotation of the femur on the tibia. 
This process screws home the joint and ‘locks’ it in 
extended position. 


Knee joint 
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Fig. 19.6 Transverse section through the right knee joint and its surroundings, showing the synovial membrane, red; fascia and ligaments, 


green. A = anterior; P = posterior; M = medial; L = lateral. 


DISSECTION 19.3 Knee joint-3 


Objectives 


I. To expose and study the tendon of the popliteus. 
Il. To dissect and study the cruciate ligaments. 


Instructions 
1. Remove the infrapatellar synovial fold and pad of fat. 


2. Remove the posterior part of the fibrous capsule of 
the knee joint, and follow the middle genicular artery 
through it to the cruciate ligaments. 


Menisci 
The medial and lateral menisci are C-shaped plates 
of fibrocartilage which lie on the articular surface 
of a tibial condyle. They are thick at the periphery, 
but thin at the free concave edge internally. Both 
upper and lower surfaces are smooth and articular. 
They are mainly attached to the tibia at the fol- 
lowing points: (1) to the intercondylar area by their 
fibrous extremities (horns); and (2) to the margins 
of the tibial condyles close to where the periph- 
eral part is fused with the articular capsule of the 
knee joint. Anteriorly, they are connected to each 
other by the transverse ligament of the knee 


3. Define the posterior parts of the anterior and posterior 
cruciate ligaments, and then remove the synovial mem- 
brane and connective tissue from their anterior surfaces. 
Define their attachments to the femur and tibia [Fig. 19.7]. 


4. Follow the tendon of the popliteus, and note how it 
lies between the lateral meniscus and the fibrous cap- 
sule of the joint. The fibres of the posterior part of the 
fibrous capsule which arch over the aperture for the 
tendon of the popliteus form the arcuate ligament. 


[Fig. 19.1]. Posterolaterally, the tendon of the 
popliteus lies between the lateral meniscus and 
the capsule. The lateral meniscus is nearly cir- 
cular (in keeping with the more spherical lateral 
condyle of the femur). The medial meniscus is 
elongated anteroposteriorly (in keeping with the 
shape and movements of the medial femoral con- 
dyle). Because of the shape of the menisci, the horns 
of the lateral meniscus are attached closer together 
on the intercondylar area of the tibia, and the horns 
of the medial meniscus are attached further apart 
on the anterior and posterior parts of the tibial in- 
tercondylar area [Fig. 19.1]. The meniscofemoral 
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Fig. 19.7 Right knee joint opened from behind by removing the posterior part of the articular capsule. 


ligaments enable the lateral meniscus to move with 
the femur. The medial meniscus is less free to move 
on the tibia than the lateral meniscus. This limited 
mobility and the greater anteroposterior move- 
ment of the medial condyle of the femur, make the 
medial meniscus more likely to be trapped and in- 
jured between the moving surfaces of the tibia and 
femur. Ə Medial meniscus injury occurs especially 
in sudden turning movements with the foot fixed 
on the ground, e.g. in sudden changes of direction 
when running. In such movements, the medial 
condyle of the femur pivots around the spherical 
lateral condyle, slides violently on the tibia while 
under pressure, and may cause the medial menis- 
cus to tear, or be torn from its attachment. If the 
torn piece of cartilage becomes wedged between 
the tibia and femur, the joint becomes ‘locked’ (un- 
able to move) because the ligaments cannot stretch 
sufficiently to allow the bones to be forced apart. 
(See Clinical Application 19.1.) 


Movements of the knee joint 


These are mainly flexion and extension. Flexion 
proceeds until the calf and thigh are in contact. 


Extension stops when the thigh and leg are in a 
straight line. In this position, the joint is firmly 
‘locked’. The anterior cruciate, tibial and fibular 
collateral ligaments, oblique popliteal ligament, 
and the posterior part of the capsule are taut, and 
the leg and thigh are converted into a rigid col- 
umn. Rotation can occur at any phase of flexion. 
Medial rotation of the femur occurs during the end 
of extension, and lateral rotation during the start 
of flexion [Fig. 19.8]. 

To appreciate the movements of the knee, note 
that, in full flexion, the posterior surfaces of the 
femoral condyles articulate with the tibia. In this 
position, the patella articulates with the crescent- 
shaped facet on the medial condyle of the femur 
[Figs. 19.5, 19.8C]. As the knee is extended, the 
femoral condyles roll forwards and slide backwards 
on the tibial condyles. (The sliding back is essential, 
so that the femur can continue to articulate with 
the limited area for articulation on the tibia.) The 
points of contact of the femur with the tibia move 
steadily forwards on the femoral condyles [Fig. 
19.8B]. When the lateral condyle reaches its maxi- 
mum extension (an event which happens before 
the same thing happens at the medial condyle), 
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Fig. 19.8 Tracings of three positions of the right knee joint taken from radiographs, showing three phases of flexion of the knee with the 
foot firmly fixed on the ground. In this way, there is no movement of the tibia and fibula, and the full effects of rotation are visible in the 
femur. The tracings are viewed from the medial side; the parts that are hidden by the more medial structures are shown as broken lines. 
(A) Position of full extension with the femur fully rotated medially and the knee joint locked. (B) Slight flexion. Note that there has been 
considerable lateral rotation of the femur, so that the outlines of the condyles are nearly superimposed. This movement occurs at the very 
outset of flexion. (C) Considerable flexion of the knee with further lateral rotation of the femur on the tibia. 


the groove between its patellar and tibial surfaces 
[Fig. 19.5] comes into contact with the lateral me- 
niscus, and the condylar movement is stopped by 
the taut, fully stretched anterior cruciate ligament. 
Because the anteroposterior curvature of the me- 
dial femoral condyle is flatter anteriorly than the 
more spherical lateral condyle, the medial condyle 
continues to slide backwards, after the lateral con- 
dyle has stopped. Extension is completed by medial 
rotation of the femur [Fig. 19.8A]. This screws the 
femur home on the tibia, tightens the ligaments, 
and ‘locks’ the knee joint. 

Flexion is produced by the same movements in the 
reverse order. It begins with lateral rotation of the 
femur because of the differences in shape of the two 
condyles. This ‘unlocks’ the knee joint, an action 
done by the popliteus. Once the knee is unlocked, 
flexion proceeds by the action of the knee flexors. 

Rotation of the flexed joint may be produced in- 
dependently of flexion and extension by the mus- 
cles at the sides of the joint. The biceps femoris is 
the principal lateral rotator of the tibia; the sarto- 
rius, gracilis, semitendinosus, and semimembrano- 
sus are the main medial rotators. 


In addition to the movements between the femur 
and tibia, during extension, the patella rises to pro- 
gressively higher levels on the patellar surface of the 
femur [Fig. 19.8]. Because the pull of the quadriceps 
on the patella is parallel to the obliquity of the fe- 
mur, the patella tends to deviate laterally as it as- 
cends. This lateral displacement of the patella is pre- 
vented by: (a) the greater anterior projection of the 
lateral femoral condyle; and (b) the lowest fibres of 
the vastus medialis which are inserted horizontally 
into the medial surface of the patella. These factors 
help to keep the pull of the quadriceps at right an- 
gles to the axis of flexion and extension of the knee. 

In learning these many details, you should not 
lose sight of the fact that the knee joint is essen- 
tially a hinge joint. The axis for the movement 
passes through an almost straight line through 
the femoral attachments of the collateral and 
cruciate ligaments. Study the AP and lateral 
X-rays of the knee joint, using Fig. 19.9. 

Tables 19.1 and 19.2 summarize the muscles and 
movements of the knee joint. The origin, inser- 
tion, nerve supply, and action of muscles acting on 
the knee are listed in Table 19.1. (Only details of 





Fig. 19.9 Normal X-ray of the knee. (A) AP view. (B) Lateral view. 


muscle attachments that are relevant to the under- 
standing of the muscle actions are listed.) 





The ankle joint is a strong synovial hinge joint 
between the distal end and medial malleolus of tibia, 
the lateral malleolus of the fibula, and the troch- 
lea of alus. It is stable because of: (1) the powerful 
ligaments and tendons around it; and (2) the rela- 
tively great depth of the socket formed by the medial 
and lateral malleoli within which the trochlea of the 
talus is fitted. The socket offers flexibility because of 
the body of the fibula. If the talus is forced laterally, 
the lateral malleolus moves outwards (a movement 
accompanied by medial movement of the shaft of 
the fibula acting with the tibiofibular ligaments as a 
fulcrum). In extreme cases, this may lead to fracture 
of the fibula in the leg. The socket of the ankle joint 
is deepened posteriorly by the inferior part of the 
posterior tibiofibular ligament (transverse tibiofibu- 
lar ligament [see Fig. 19.12]). 
See Dissection 19.4. 


Capsule of the ankle joint 


As the ankle joint is a hinge joint, the main liga- 
ments are lateral and medial. The anterior part of the 





fibrous capsule is thin and consists mainly of trans- 
verse fibres. It extends from the anterior margin of 
the distal end of the tibia to the superior surface of 
the neck of the talus. The posterior part of the cap- 
sule extends from the posterior margin of the distal 
end of the tibia and the posterior tibiofibular liga- 
ment to the posterior surface of the body of the talus. 


Medial (deltoid) ligament 


This very strong ligament radiates from the dis- 
tal border of the medial malleolus to the medial 
side of the talus, the sustentaculum tali, the me- 
dial edge of the plantar calcaneonavicular (spring) 
ligament, the navicular bone, and the neck of the 
talus [see Fig. 18.10]. As such, the medial ligament 
not only strengthens the ankle joint, but also holds 
the calcaneus and the navicular against the talus. 


Lateral ligament 


The lateral ligament consists of three bands—the 
anterior talofibular ligament, the posterior 
talofibular ligament, and the calcaneofibular 
ligament. The anterior and posterior ligaments 
are thickenings of the fibrous capsule. The ante- 
rior talofibular ligament passes anteriorly from 
the anterior border of the lateral malleolus to the 
neck of the talus. The posterior talofibular ligament 
is much stronger and runs back from the fossa of 
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Table 19.1 Muscles acting on the knee joint 


Muscle 


Biceps femoris long 
head 


Gluteus maximus 
superficial three- 
quarters 


Origin 


Ischial tuberosity 


Ilium, posterior to post gluteal 
line 

Sacrum 

Sacrotuberous ligament 


Insertion 


Fibula, head 


Action 


Flexion 
Lateral rotation of leg 


Flexion 
Medial rotation of leg 


Flexion 
Medial rotation of leg 


Flexion 
Medial rotation of leg 


Flexion 
Medial rotation of leg 


Extension 
Stabilizes pelvis on thigh 


Extension 
Stabilizes pelvis on thigh 


Nerve supply 
Sciatic, tibial part 


Rectus femoris Ilium, anterior inferior spine, Patella Extension Femoral 
area above acetabulum 
Vastus medialis Femur, intertrochanteric Patella, capsule of Extension Femoral 
line, linea aspera, medial knee joint Medial displacement of 
supracondylar line, tendon of patella 
adductor magnus 
Vastus intermedius Femur, body anterior and lateral Patella, suprapatellar Extension Femoral 
surfaces bursa Elevates suprapatellar 
bursa 
Vastus lateralis Femur, greater trochanter, linea Patella, capsule of Extension Femoral 
aspera knee joint 
Biceps femoris short Linea aspera Head of fibula Flexion Sciatic, common 
head Lateral rotation of leg fibular part 
Popliteus Femur, lateral condyle Tibia, posterior Medial rotation of leg Tibial 
surface Flexion 
Gastrocnemius Femur, lateral condyle, medial Calcaneus Flexion Tibial 
condyle 
Plantaris Femur, lateral condyle Calcaneus Acts with gastrocnemius Tibial 
DISSECTION 19.4 Ankle joint 
Objective 3. Define the anterior and posterior parts of the fibrous 


|. To study the capsule and ligaments of the ankle joint. capsule of the joint. Both are extremely thin and 
easily damaged. Remove these parts of the capsule, 
in order to define the strong ligaments at the side 


of the joint. 


Instructions 


1. Remove the remains of the extensor and flexor 


retinacula. 4. Identify the medial and lateral ligaments of the 


ankle joint, and define their attachments [Figs. 19.10, 


2. Cut through, and displace, the tendons which are in 1911] 


contact with the joint, but do not remove them. 


Table 19.2 Movements at the knee joint 


Movement Muscles Nerve supply 
Flexion Semimembranosus Sciatic (tibial) 
‘Semitendinosus Sciatic (tibial) = 
“Biceps femorislonghead Sciatic (tibial) = 
“Biceps femoris shorthead Sciatic (common fibular) 
Gracilis Obturator 
Sartorius Femoral = 
‘Popliteus Tibial ss 
Gastrocnemits = sti(i‘ié~STvisdtC( (#‘(S( W—S 
‘Extension Vastus medialis = Femoral 
Masusta SS remo O : 
Vastus intermedius Femoral oO 
‘Recusfemors—SSFemorl = Z 
Gluteus maximus Inferior gluteal 
Tensor fasciae latae tC Superior gluteal = 269 
Lateral rotation Biceps femoris Sciatic (tibial and common fibular) 
of leg “Gluteus maximus, anterior fibres Inferior gluteal == 
‘Tensorfasciaelatae tC Superior gluteal = 
“Medial rotation | Popliteus = = Tibial ss 
oflegwhenknee = Semimembranosus tC Sciatic (tibial) = 
SSS atta, ere E E 
rotation ofthiga _Semitendinosus ee 
when knee flexed Gracilis Obturator 
Sartorius Femoral = 
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Fig. 19.10 Ankle joint and tarsal joints from the medial side. 
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Fig. 19.11 Ligaments of the lateral side of the ankle joint and the dorsum of the tarsus. 


the lateral malleolus to the posterior tubercle of 
the talus [Figs. 19.11, 19.12]. The calcaneofibular 
ligament is a round cord which passes inferiorly 
from the distal end of the lateral malleolus to the 
lateral surface of the calcaneus [Figs. 19.11, 19.12]. 
It is separate from the articular capsule of the ankle 
joint and functions also as a ligament of the talocal- 
canean or subtalar joint which it crosses. 


Synovial membrane 


The synovial membrane lines the fibrous capsule 
but is separated from it by fat pads which lie deep 
to the anterior and posterior parts of the capsule. 
There is a short extension of the synovial membrane 
between the tibia and fibula, inferior to the thick- 
ened lower end of the interosseous membrane. 

All structures passing from the leg into the foot 
(except the tendocalcaneus) lie close to the ankle 
joint. Tendons, vessels, and nerves from the ante- 
rior compartment lie on the anterior surface; those 
from the posterior compartment lie on the poster- 
omedial surface, and those from the lateral com- 
partment (fibular tendons) lie on the posterolateral 
surface [Fig. 19.13]. 


Movements 


Plantar flexion and dorsiflexion are the only signif- 
icant movements at the ankle joint. The trochlea 


tali is wide anteriorly, and the socket formed by the 
malleoli is also broader in front. Thus, the talus fits 
tightly into the socket when the foot is dorsiflexed. 
When the foot is plantar flexed, the talus is slightly 
loose, and some lateral movement is possible. 

Tables 19.3 and 19.4 summarize the muscles and 
movements of the ankle joint. 


Tibiofibular joints 


The tibia and fibula articulate with each other at 
their ends and along the shaft. The superior tibi- 
ofibular joint is a synovial joint. The inferior tibi- 
ofibular joint is a fibrous joint in which the bones 
articulate with each other through the thickened 
lower end of the interosseous membrane—the in- 
terosseous tibiofibular ligament—and by the ante- 
rior and posterior tibiofibular ligaments. 
See Dissection 19.5. 


Interosseous membrane of the leg 


The strong interosseous membrane stretches be- 
tween the interosseous borders of the tibia and fib- 
ula [see Figs. 18.1, 18.2]. It consists of fibres which 
run downwards and laterally from the tibia to the 
fibula. There is an oval opening in the upper part 
of the membrane for the anterior tibial vessels, 
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Fig. 19.13 Oblique coronal section through the ankle and subtalar joints. 
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Table 19.3 Muscles acting on the ankle joint 


Muscle Origin Insertion Action Nerve supply 
Gastrocnemius Femur, lateral condyle, Calcaneus Plantar flexion Tibial 
medial condyle 
‘Plantaris Femur, lateral condyle  Calcaneus Plantar flexion Tibial = 
“Soleus Tibia, soleallineand Calcaneus Plantar flexion Tibi SS 


medial border 
Fibula, posterior surface 


Fibularis longus Fibula, lateral surface First metatarsal, base Plantar flexion Superficial fibular 
Medial cuneiform 
Fibularis brevis Fibula, lateral surface Fifth metatarsal, base Plantar flexion Superficial fibular 
Tibialis anterior Tibia, lateral surface First metatarsal, base Dorsiflexion Tibial 
Interosseous membrane Medial cuneiform 
Tibialis posterior Interosseous membrane Navicular, tuberosity Plantar flexion Tibial 
Adjacent parts of tibiaand Medial cuneiform 
fibula All tarsals, except talus 
Metatarsal bases, 2-4 
Fibularis tertius Fibula, anterior surface Fifth metatarsal base Dorsiflexion Deep fibular 
Extensor hallucis Fibula, anterior surface Hallux, base of distal Ankle, dorsiflexion Deep fibular 
longus phalanx Tarsal, inversion 


Hallux, extension 


Extensor digitorum Fibula, anterior surface Extensor expansion Ankle, dorsiflexion Deep fibular 
longus toes 2-5 Toes, extension 2-5 all 
joints 
Flexor hallucis longus Fibula, posterior surface Hallux, distal phalanx, Ankle, plantar flexion Tibial 
base Hallux, flexion all joints 
Flexor digitorum Tibia, posterior surface Terminal phalanges Ankle, plantar flexion Tibial 
longus toes 2-5 Toes, 2-5 flexion all joints 


Table 19.4 Movements at the ankle joint 


Movement Muscles Nerve supply 
Plantar flexion Gastrocnemius Tibial 
Soleus o Tibia 
‘Plantaris = Tibial 
 Tibialis posterior 0 Tibi 
Flexor digitorum longus Tibial 
-Flexor hallucis longus Tibial 
“Peroneuslongus CS Superficial fibular 
“Peroneusbrevis CS Superficial fibular 
‘Dorsiflexion © Tibialis anterior = Deep fibular 
-Extensor hallucis longus Deep fibular 
“Extensor digitorum longus Deep fibular 
“Peroneustertius = Deep fibular 


and a small opening lower down for the perforat- Proximal tibiofibular joint 
ing branch of the fibular artery. The tibialis 


posterior, the flexor hallucis longus, and all the 
muscles of the anterior compartment of the leg 
originate, in part, from the interosseous membrane. 


This joint is between the head of the fibula and 
the posteroinferior surface of the lateral condyle of 
the tibia. The articular capsule is attached at the 


DISSECTION 19.5 Tibiofibular joints 
Objective 


|. To study the superior tibiofibular joint and the 
interosseous membrane. 


Instructions 


|. Define the anterior and posterior tibiofibular liga- 
ments of the inferior tibiofibular joint [Fig. 19.12]. 


2. Strip the muscles from the front of the interosse- 
ous membrane, and define its attachments. Follow 
it as far inferiorly as possible. The posterior surface 
may also be exposed. 


3. Define the fibrous capsule of the proximal tibiofib- 
ular joint. Reflect the tendon of the popliteus from 
its posterior surface. 


4. Note that the synovial extension from the knee 
joint deep to the popliteus may be in continuity 
with the cavity of the proximal tibiofibular joint. 


5. Open the joint, and confirm its synovial nature. 


articular margins and is strengthened anteriorly 
and posteriorly by fibres running down and later- 
ally from the tibia to the head of the fibula. The 
fibular collateral ligament of the knee joint and the 
tendon of the biceps femoris cross the lateral sur- 
face of the joint. The tendon of the popliteus with 
a synovial extension from the knee joint crosses 
the posteromedial surface. At this point, the syno- 
vial cavities of the two joints may communicate. 
Nerve supply: from the nerve to the popliteus 
and the recurrent genicular nerve. 


Distal tibiofibular joint 


At the distal tibiofibular joint, the tibia and fibula 
are firmly bound together by a strong interosseous 
tibiofibular ligament which extends from the 
longitudinal groove on the lateral side of the tibia to 
the rough medial side of the distal part of the fibula. 

The interosseous tibiofibular ligament is strength- 
ened and hidden by the anterior and posterior 
tibiofibular ligaments. These pass upwards and 
medially from the corresponding surfaces of the 
lateral malleolus to the distal end of the tibia and 
are continuous with the fibrous capsule of the an- 
kle joint. The transverse tibiofibular ligament 


passes from the malleolar fossa of the fibula to the 
inferior margin of the posterior surface of the tibia. 
It forms part of the socket for the ankle joint [Fig. 
19.12] and articulates with the body of the talus. 


Movements 


Only a small amount of movement of the fibula on 
the tibia is possible. Slight medial movement of the 
shaft of the fibula occurs when the lateral malleo- 
lus is forced laterally by the trochlea of the talus. 
This movement takes place around the powerful 
tibiofibular ligaments and increases the stability of 
the ankle joint. 


Joints of the foot 


Numerous joints occur between the tarsal, metatar- 
sal, and phalangeal bones. They are: (1) intertarsal 
joints; (2) tarsometatarsal joints; (3) intermeta- 
tarsal joints; (4) metatarsophalangeal joints; and 
(S) interphalangeal joints. 


Arches of the foot 


The tarsal and metatarsal bones of the foot to- 
gether are shaped like half a dome. When the feet 
are placed together, the two half domes form one 
single dome. The rim of each half dome consists 
of the heel, the lateral border of the foot, and the 
heads of the metatarsal bones. It is these parts of 
the foot which imprint the ground and form the 
footprint of a bare foot. Each foot has one longi- 
tudinal and two transverse arches. 


Longitudinal arch 


This bony arch is higher on the medial side than 
on the lateral side of the foot. The talus lies at the 
top of the arch [Fig. 19.14]. The calcaneus forms 
the short, thick posterior pillar. The anterior pillar 
is formed by the remaining tarsal bones and the 
metatarsals. For descriptive purposes, the longitu- 
dinal arch can be divided into a medial column 
formed by the navicular, cuneiforms, and the me- 
dial three metatarsals; and a lateral column formed 
by the cuboid and the lateral two metatarsals. 

The talus transmits the weight of the body down- 
wards in two directions: (1) posteriorly, to the heel 
through the subtalar joint with the calcaneus; (2) 
anteriorly and medially, to the medial three meta- 
tarsals through the articulation of the head of the 
talus with the navicular bone; and (3) anteriorly 
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Fig. 19.14 (A) Oblique sagittal section through the middle of the heel and the middle of the big toe. Synovial membrane, blue. (B) MRI 
showing ankle, subtalar, and talocalcaneonavicular joints. 1. Lower end of the tibia. 2. Talus. 3. Calcaneus. 4. Navicular. 


and laterally to the lateral two metatarsals through 
the articulations with the calcaneus and indirectly 
the cuboid. 

The head of the talus (not to be confused 
with the trochlea tali) fits into a deep socket be- 
tween the anterior end of the calcaneus and the 
navicular at the talocalcaneonavicular joint. 
The plantar calcaneonavicular (‘spring’) liga- 
ment completes the socket for the head, as it ex- 
tends from the sustentaculum tali to the navicu- 
lar. The support provided by the spring ligament 
keeps the head of the talus from being pushed 
down between the calcaneus and the navicular by 
the weight of the body [Figs. 19.14, 19.15, 19.16]. 
The spring ligament and other ligaments on the 
plantar surfaces of the foot (plantar ligaments) 
play a part in maintaining the arches of the foot. 


They are assisted by the plantar aponeurosis which 
holds the ends of the arch together. The plantar 
aponeurosis is tightened by dorsiflexion of the 
toes. The insertion of the tibialis posterior to 
the tarsal and metatarsal bones and the short mus- 
cles of the sole of the foot also help to maintain 
the arches. Fig. 19.17 illustrates the longitudinal 
arch of the foot in plantar flexion. 


Transverse arches 


The more prominent of these arches is in the region 
of the tarsometatarsal joints. The cuneiform bones 
and the base of the metatarsals are wedge-shaped, 
and the narrow plantar surfaces are held tightly to- 
gether by plantar ligaments and by the tendon of 
the peroneus longus. This arrangement results in 
the plantar surfaces of these bones having a much 





Fig. 19.15 (A) Oblique radiograph of the left foot. 1. Distal end 
of the tibia. 2. Talus. 3. Distal end of the fibula. 4. Calcaneus. 

5. Navicular. 6. Medial cuneiform. 7. Intermediate cuneiform. 

8. Lateral cuneiform. 9. Cuboid. 10. Base of the first metatarsal. 

11. Base of the fifth metatarsal. (B) Ankle X-ray of a person less 
than 14-16 years of age. The epiphyses for the posterior aspect of 
the calcaneus and the distal end of the tibia (*) have not yet united. 


smaller radius of curvature than their dorsal surfac- 
es, and so forming a well-defined transverse arch. A 
second and lower arch exists between the heads of 
the metatarsals. 
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Fig. 19.16 (A) The ligaments and inferior articular surfaces of the 
subtalar and talocalcaneonavicular joints as seen from above after 
removal of the talus. (B) The arrows connect articulating surfaces 
of the talus to articular facets of calcaneus and navicular. 

1. Talocalcaneonavicular joint. 2. Subtalar joint. 


Supports of the longitudinal arch 
of the foot 


The main ligaments that maintain the longitudinal 
arch of the foot are the plantar calcaneonavicular, 
long plantar, plantar calcaneocuboid ligaments, and 
the plantar aponeurosis. The tibialis anterior raises 
the medial longitudinal arch. The tibialis posterior 
maintains the arch, as it holds the navicular against 
the head of the talus, and tightens the plantar surface 
of the foot through its insertion into the tarsal and 
metatarsal bones. The long and short flexors draw 
the ends of the longitudinal arches together. 
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Fig. 19.17 (A), (B) Outline drawings of two radiographs of the same foot. In (B), the foot has been plantar flexed without any other 
movement. Note that virtually all of this movement takes place at the ankle joint, but that there is also slight flexion of the bones forming 
the medial longitudinal arch. The distance between the medial process of the tuber calcanei and the head of the first metatarsal is 7 mm 
less in (B) than in (A). This movement, produced by the plantar flexors, increases the height of the longitudinal arch. 


© The essential deformity in ‘flat-foot’ is an 
eversion of the heel relative to the anterior part of 
the foot. In the reverse deformity of ‘club-foot’, 
the heel is strongly inverted relative to the forepart 
of the foot, and the arch is greatly exaggerated. 

The dissection of the joints of the foot is ex- 
plained in Dissection 19.6. 


DISSECTION 19.6 Joints of the foot-1 
Objective 


|. To demonstrate the ligaments and joints of the foot. 


Instructions 


1. Remove all muscles and tendons from the tarsal 
and metatarsal bones. Define the ligaments be- 
tween the various bones. 


2. Note that the ligaments on the plantar surfaces are 
much thicker than those on the dorsal surfaces. 


Subtalar joint 


The subtalar joint is a cylindrical joint between 
the lower surface of the body of the talus and the 
upper surface of the middle of the calcaneus [Figs. 
19.13, 19.16]. The joint surface of the talus is con- 
cave, and that of the calcaneus is convex. These 
curvatures run transversely, allowing the calcaneus 
to turn around on the inferior surface of the ta- 
lus in the movements of inversion and eversion. 
The fibrous capsule is attached near the margins 
of the articular surfaces [Fig. 19.16]. The deltoid 
ligament and calcaneofibular ligaments of the an- 
kle joint strengthen the capsule. The ligament of 
the neck of the talus (ligamentum cervicis) 
passes from the neck of the talus to the calcaneus 
[Fig. 19.16] and strengthens the joint. 


Talocalcaneonavicular joint 


This is a complex ‘ball-and-socket’ type of synovial 
joint. The ball is formed by the head and adjacent 


part of the body of the talus. The socket is formed 
by the proximal surface of the navicular bone, the 
plantar calcaneonavicular ligament, the anterome- 
dial part of the calcaneus, and the sustentaculum 
tali [Fig. 19.16]. This joint moves with the subtalar 
joint in inversion and eversion. The axis for these 
movements passes upwards, forwards, and medial- 
ly through the calcaneus and the head of the talus. 
The talus remains stationary, while the other tarsal 
bones move around it. A single fibrous capsule en- 
closes all components of the talocalcaneonavicular 
joint. The capsule is continuous with the plantar 
calcaneonavicular ligament and is strengthened by 
ligaments. 

The dissection of the joints of the foot is contin- 
ued in Dissection 19.7. 


Calcaneonavicular ligaments 


The plantar calcaneonavicular (‘spring’) liga- 
ment is a thick, triangular ligament which stretch- 
es from the sustentaculum tali to the plantar sur- 
face of the navicular bone [see Fig. 18.33]. It fills 
the triangular gap between these bones. Its tough, 
fibrocartilaginous upper surface articulates with the 
head of the talus [Fig. 19.16]. Medially, it is contin- 
uous with the fibrous capsule of the talocalcaneo- 
navicular joint and the medial ligament of the 
ankle joint. [nferiorly, the tendon of the tibialis 
posterior supports it. This ligament plays an impor- 
tant part in maintaining the medial longitudinal 
arch of the foot and prevents the development of 
flat-foot. 

The anterior part of the superior surface of the 
calcaneus, lateral to its articulation with the talus, 
is bound to the lateral surface of the navicular and 


DISSECTION 19.7 Joints of the foot-2 


Objective 


|. To study the talocalcaneonavicular and subtalar 
joints. 


Instructions 


1. Cut across the ligaments which hold the talus to 
the calcaneus on the lateral, posterior, and ante- 
rior surfaces of the two joints. Turn the other tarsal 
bones away from the talus. 


2. Examine the articular surfaces of the talocalca- 
neonavicular joint. The head and anterior part of 
the body of the talus has three articular surfaces, 
one each for the navicular, the calcaneus, and the 
spring ligament: (1) anteriorly, the head articulates 
with the navicular; (2) inferolaterally, the neck ar- 
ticulates with the upper surface of the calcaneus 
and the sustentaculum tali; and (3) inferomedially, 
the head articulates with the plantar calcaneo- 
navicular ligament [Fig. 19.16]. 


to the dorsal surface of the cuboid by the bifur- 
cuate ligament. The two parts of the bifurcate 
ligament are the calcaneocuboid and calcaneo- 
navicular parts [Fig. 19.11]. 

Tables 19.5 and 19.6 summarize the muscles and 
movements of the tarsal bones, mainly those oc- 
curring in the talocalcaneonavicular joint. 


Calcaneocuboid joint 


This is an oblique, saddle-shaped synovial joint 
which permits rotatory sliding of the cuboid on 


Table 19.5 Muscles acting on tarsal joints, particularly the talocalcaneonavicular joint 


Muscle Origin 


Fibularis longus Fibula, lateral surface 


Tibia, lateral surface 
Interosseous membrane 


Interosseous membrane 
Adjacent parts of tibia and 
fibula 


Insertion Action Nerve supply 

First metatarsal, base Eversion Superficial fibular 
Medial cuneiform 

Fifth metatarsal, base Eversion Superficial fibular 
First metatarsal, base Inversion Deep fibular 
Medial cuneiform 

Navicular, tuberosity Inversion Tibial 

Medial cuneiform 

All tarsals, except talus 

Metatarsal bases 2-4 

Fifth metatarsal, base Eversion Deep fibular 
Hallux, base distal phalanx Inversion Deep fibular 
Extensor expansion, 2-5 Inversion Deep fibular 
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Table 19.6 Movements at tarsal joints, particularly the talocalca- 
neonavicular joint 


Movement Muscles Nerve supply 

Inversion _ Tibialis anterior Deep fibular 
Extensor hallucis longus Deep fibular 
Tibialis posterior Tibi 


Eversion 


Extensor digitorum longus Deep fibular 
(lateral) 
Fibularis tertius Deep fibular 


the distal surface of the calcaneus. This joint lies 
almost in the same transverse plane as the talo- 
navicular joint. The two together constitute the 
transverse tarsal joint. The movement of the 
transverse tarsal joint adds little to the movements 
of inversion and eversion. 

The calcaneocuboid joint is strengthened by the 
dorsal calcaneocuboid ligament, and the long 
plantar and plantar calcaneocuboid liga- 
ments [see Figs. 18.26, 18.33, 19.11]. The plantar 
calcaneocuboid ligament is attached close to the 
joint. The long plantar ligament lies inferior to the 
plantar calcaneocuboid ligament. It extends from 
the calcaneus to both lips of the groove for the 
peroneus longus tendon on the cuboid and to the 
bases of the middle three metatarsals. Both these 
ligaments are important in maintaining the lateral 
longitudinal arch of the foot. 

Dissection of the foot is continued in Dissection 
19.8. 


DISSECTION 19.8 Joints of the foot-3 


Objectives 


Il. To cut the 
long plantar ligament and expose the plantar calca- 


|. To define the long plantar ligament. 
neocuboid ligament. 


Instructions 


|. Define the margins of the long plantar ligament 
[see Fig. 18.33]. Lift it from the calcaneus by pass- 
ing a knife between it and the plantar calcaneo- 
cuboid ligament which projects beyond its medial 
edge. Detach the long plantar ligament from the 
calcaneus to expose the plantar calcaneocuboid 
ligament. 


Smaller intertarsal joints 


The three cuneiform bones articulate with each 
other and with the distal surface of the navicular 
bone by a single joint. The lateral cuneiform and 
navicular articulate with the cuboid. The articular 
surfaces of all these joints are flat, and all have dor- 
sal and plantar ligaments. The intercuneiform, cu- 
neocuboid, and cuboideonavicular joints also have 
interosseous ligaments. These joints give resilience 
to the tarsal bones, but the amount of movement 
at each is small. 


Movements of the intertarsal joints 


Acting together, the joints increase the resilience 
of the foot, but the main movements of inversion 
and eversion occur at the subtalar and talocal- 
caneonavicular joints. Inversion is the move- 
ment which raises the medial border of the foot 
and turns the sole medially. Eversion is the op- 
posite movement which raises the lateral border of 
the foot and turns the sole inferolaterally. Eversion 
is more restricted than inversion. Inversion and 
eversion are important movements, while walking 
on uneven ground. The main evertors are the per- 
oneus longus, brevis, and tertius. The main inver- 
tors are the tibialis anterior and posterior. 


Tarsometatarsal joints 


The medial three metatarsals articulate with the 
three cuneiform bones. The lateral two metatar- 
sals articulate with the cuboid bone [see Figs. 18.3, 
18.4]. All these joints have strong plantar and dor- 
sal ligaments. 

The joint surfaces at the base of the metatarsal 
bones vary. In the middle three metatarsals, the 
surfaces that articulate with the tarsal bones are 
flat. The metatarsal bases are wedge-shaped and are 
firmly fitted together. They have minimal mobility 
on the tarsus and on each other. The second meta- 
tarsal is the least mobile. In addition to articulat- 
ing with the intermediate cuneiform, it articulates 
with the sides of the medial and lateral cuneiforms 
[see Fig. 18.3]. The base of the second metatarsal is 
so firmly fixed that its thin body is liable to fracture 
when sudden stresses are applied to the distal part 
of the foot. The middle three metatarsals form a 
relatively rigid beam in the centre of the foot. The 
articular surfaces of the base of the first and fifth 
metatarsals are slightly curved. As such, they have 
a greater degree of mobility than the middle three. 


Intermetatarsal joints 


The bases of the lateral four metatarsal bones ar- 
ticulate with one another. They are firmly bound 
together by plantar, dorsal, and interosseous 
ligaments. 

Dissection 19.9 looks at the joints of the foot. 


Metatarsophalangeal joints 


In these joints, the base of the proximal phalanx 
articulates with the head of the metatarsal. The fib- 
rous capsule is attached close to the articular sur- 
faces. It is thickened at the sides to form collateral 
ligaments and on the plantar surface to form the 
plantar ligament. The dorsal part of the capsule is 
formed by the extensor expansion. 

The thick fibrous plantar ligament is attached 
firmly to the plantar margin of the base of the 
proximal phalanx and loosely to the plantar sur- 
face of the neck of the metatarsal bone. The plantar 
ligament separates the long flexor tendon from the 
joint. The margins of the plantar ligaments are at- 
tached to: (1) the fibrous flexor sheath; (2) the slips 
of the plantar aponeurosis; (3) the deep transverse 
metatarsal ligament; (4) the collateral ligaments; 
and (5S) the margins of the extensor expansions. 
The plantar ligament of the metatarsophalangeal 
joint of the big toe contains sesamoid bones which 
articulate superiorly with the grooves on the plan- 
tar surface of the head of the first metatarsal. 


Articular surfaces 


The distal surface of the head of each metatarsal 
has two continuous articular surfaces, one for artic- 


ulation with the proximal phalanx and the other 
for articulation with the plantar ligament of the 
metatarsophalangeal joint. The articular surface for 
the proximal phalanx is circular and convex, and 
fits into the concavity of the base of the proximal 
phalanx to make a shallow ball-and-socket joint 
[Fig. 19.14A]. The articular surface for the plantar 
ligament is on the plantar surface. In the first meta- 
tarsal, this surface is deeply grooved on each side 
by a sesamoid bone. 


Movements 


The metatarsophalangeal joints permit flexion, 
extension, abduction, and adduction. Rotation is 
prevented by the collateral ligaments. Flexion and 
extension are produced by the long and short flex- 
or and extensor muscles. The flexors are assisted by 
the interossei and the lumbricals. When the joints 
are flexed, the plantar ligament slides proxi- 
mally towards the neck of the metatarsal, and, 
when they are extended, the ligament moves on 
to the distal surface of the head of the metatar- 
sal. This tightens the plantar aponeurosis and the 
extensor expansion. When the metatarsophalan- 
geal joints are extended, the extensor expansion is 
not able to act on the interphalangeal joints. The 
lumbricals then become the sole extensors of the 
interphalangeal joints if they reach the extensor 
expansion. 

Abduction and adduction take place from the 
line of the second toe. These movements are pro- 
duced by the interossei, the abductor of the little 
toe, and the abductor and adductor of the big toe. 


DISSECTION 19.9 Joints of the foot-4 


Objective 


|. To dissect the first and second metatarsophalangeal 
joints. 


Instructions 


1. Remove the short muscles of the big toe by detaching 
them from the sesamoid bones. Note the connection 
between the tendon of the abductor hallucis and the 
extensor expansion, and the attachment of the 
abductor to the medial sesamoid bone. 


2. Identify and cut through the deep transverse metatar- 
sal ligaments on each side of the second toe. Trace the 


tendons of the interosseous muscles of the first two 
spaces to their insertions, and review the course of the 
lumbrical tendons. 


3. Lift the extensor expansions from the dorsal surfaces 


of the metatarsophalangeal joints of the big and 
second toes. It forms the fibrous capsule on the 
dorsal aspect and is continuous on either side with 
the thickened lateral part of the capsule—the collat- 
eral ligaments. 


4. Define these collateral ligaments, and then identity 


the plantar ligament between the long flexor tendon 
and the joint. 
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interphalangeal joints 


These are hinge-type synovial joints at which only 
flexion and extension take place. They are similar 
to the interphalangeal joints in the hand but have 
a smaller range of movements. The articular sur- 
faces are sinusoidal, not circular. The single inter- 
phalangeal joint of the big toe is much larger than 
any of the others. It also has a flatter curvature 
and a smaller range of movements. This makes the 
joint more rigid—a necessary feature to bear the 
forces which are applied to it. 


Movements 


At rest, the interphalangeal joints are in a position of 
partial flexion by comparison with the extended po- 
sition of the metatarsophalangeal joints. In the big 
toe, movements are produced by the long and short 
flexor, and the long and short extensor muscles. In 
the other toes, there is the additional action of the 
short flexor on the proximal interphalangeal joint. 


Table 19.7 Muscles acting on joints of toes 


Muscle Origin Insertion 
Extensor digitorum 


brevis 


Calcaneus, superior 
surface 
2-4 


Calcaneus, tuber medial 
process 


Flexor digitorum 
brevis 


Flexor accessorius Calcaneus, plantar aspect 


Abductor hallucis Calcaneus, tuber medial 
process 


Flexor retinaculum 


Abductor digiti 
minimi 


Calcaneus, tuber both 


processes lateral side 


Hallux, proximal phalanx 
Extensor expansion, toes 


The lumbricals extend the interphalangeal joints of 
the lateral four toes and are the only muscles respon- 
sible for this action when the metatarsophalangeal 
joints are fully extended. © Thus, when the lum- 
bricals are weakened or paralysed and the metatar- 
sophalangeal joints are fully extended, the proximal 
interphalangeal joints are flexed by the long and short 
flexor muscles, and the distal interphalangeal joints 
are extended because of pressure on the ground. This 
position of the toes is known as ‘hammer toe’. 

Tables 19.7 and 19.8 summarize the muscles and 
movements of the joints of the toes (MP = metatarso- 
phalangeal; IP = interphalangeal). 


Hallux valgus 


© This deformity is more common in women. 
It consists of a fixed adduction of the big toe at 
the metatarsophalangeal joint. The adduction 
of the big toe occurs because of the obliquity of 
the tendons inserted into it and because the at- 
tachment of the abductor hallucis is more to the 


Xa iola) Nerve supply 


Hallux, MP extension 
Toes 2-4, extension all 


Deep fibular 


Tarsus, support 
Toes 2-5, MP and proximal 
IP flexion 


Straightens pull of flexor 
digitorum longus 


Hallux, proximal phalanx, 
medial side 
Medial sesamoid bone 


Hallux, MP abduction or 
flexion 


Fifth toe, proximal phalanx, 


Fifth metatarsal, base 


Proximal phalanx, lateral 
side, toes 2-4; medial side 


Dorsal interossei Metatarsals, adjacent 


sides of two 


longus 2-5 


Flexor hallucis brevis | Cuboid, plantar surface, 


medial side 


Adductor hallucis Metatarsals 2-4, bases 


Plantar ligaments, MP 2-4 _ lateral side 


Fifth toe, proximal phalanx, 


Flexor digiti minimi | Metatarsal 5, base 


brevis lateral side 


Proximal phalanx, medial 
side Side, toes 3-5 


Extensor expansion, toes 


Toes 2-5, MP flexion, IP 
extension 


Medial and 
lateral plantar 


Hallux, proximal phalanx, 
medial and lateral sides 


Hallux, proximal phalanx, 


Table 19.8 Movements of toes 


Movement Joints Muscles Nerve supply 
Flexion All joints Flexor hallucis longus Tibial 
Flexor digitorum longus Tibial 


Flexor accessorius Lateral plantar 


MP only Flexor hallucis brevis Medial plantar 
Flexor digiti minimi brevis Lateral plantar 
Toes 2-5 Lumbricals Medial plantar, toe 2 
Lateral plantar, toes 3-5 
Toes 2-5 Interossel Lateral plantar 
Extension All joints Extensor digitorum longus* Deep fibular 
Toes 2-4 Extensor digitorum brevis* Deep fibular 
Hallux Extensor hallucis longus Deep fibular 
MP only Extensor hallucis brevis Deep fibular 
IP only toes 2-5 Lumbricals* Lateral plantar, toes 3-5 
Medial plantar, toe 2 
Abduction at MP Toe 1 Abductor hallucis** Medial plantar 
Toes 2-4 Dorsal interossei Lateral plantar 
Toe 5 Abductor digiti minimi Lateral plantar 
Adduction at MP Toe 1 Adductor hallucis Lateral plantar 
Toes 3-5 Plantar interossei Lateral plantar 
Toe 2 Dorsal interossei when toe 2 Lateral plantar 
already abducted by other dorsal 
interosseous 


* Full extension of MP prevents these muscles from extending IP joints which are then only extended by the lumbricals. If the lumbricals are weak or paralysed, or fail to 
reach the extensor expansion, ‘hammer toes’ result. 


** This muscle is often inserted with the flexor hallucis brevis through the medial sesamoid to the plantar aspect of the proximal phalanx, so that it acts as a flexor, rather 
than an abductor. Thus, it may fail to prevent the tendency of the adductor hallucis and the oblique tendons of the extensor hallucis brevis and longus to cause the proxi- 
mal phalanx of the great toe to deviate laterally. This condition, known as hallux valgus, exposes the medial side of the head of the metatarsal of the great toe to rubbing 
on the shoe. A bursa tends to form between it and the skin, and this becomes inflamed and swollen, forming a bunion. 


plantar than the medial surface of the proximal 
phalanx—a position which makes it less efficient 
as an abductor. 


Clinical Applications 19.1 and 19.2 look at some 
of the practical implications of the anatomy dis- 
cussed in this chapter. 


CLINICAL APPLICATION 19.1 Knee joint injury 


An 18-year-old student twisted his right knee, while play- 
ing football. He experienced excruciating pain and felt as 
though something had torn inside his knee. On examina- 
tion, he had tenderness on the medial side of the knee 
joint. When the knee was flexed at right angles and an 
attempt was made to pull the tibia forwards, there was 
increased mobility of the tibia. Surgical exploration under 
anaesthesia showed that the superficial and deep layers 
of the medial collateral ligament were torn. The medial 
meniscus was torn and detached, and was lying on the 
intercondylar area of the tibia. The anterior cruciate 


ligament was torn from its posterior attachment on the 
femur. 

Study question 1: name the ligaments of the knee joint 
which support the knee in all movements and yet prevent 
excessive mobility. Which ones are intracapsular? (An- 
swer: medial and lateral collateral ligaments, anterior and 
posterior cruciate ligaments, patellar ligament (tendon), 
and oblique popliteal ligament. The cruciate ligaments 
are intracapsular; the others are extracapsular.) 

The medial collateral ligament is frequently torn when 
the knee is forcefully abducted, and the tibia is laterally 
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rotated on the femur while running. Review the attach- 
ments of the medial collateral ligament. 

Study question 2: what are the normal attachments 
of the anterior cruciate ligament? (Answer: on the tibia, 
the anterior cruciate ligament is attached to the ante- 
rior intercondylar area. It runs upwards, backwards, and 
laterally to the medial surface of the lateral condyle of 
the femur.) The increased mobility observed when the 
flexed tibia is pulled forwards is indicative of a torn an- 
terior cruciate ligament. It is called the ‘anterior drawer 
sign’. 

Study question 3: explain why the medial meniscus is 
more prone to injury than the lateral meniscus. (Answer: 


the medial meniscus is less mobile, when compared to 
the lateral meniscus, as it is fused to the medial collat- 
eral ligament. (The lateral meniscus is not attached to 
the capsule laterally.) Also, through the attachment of the 
meniscofemoral ligament, the lateral meniscus is able to 
move with movements of the femur. It is less likely to be 
trapped between the moving condyles in forceful move- 
ments of the knee. In addition, due to the larger antero- 
posterior diameter of the medial condyle, the medial 
meniscus Is subject to greater movement of the medial 
femoral condyle on it.) Injury to the medial collateral lig- 
ament, medial meniscus, and anterior cruciate ligament 
is seen to occur together frequently. 


CLINICAL APPLICATION 19.2 Flat-foot 


A 35-year-old housewife presents with pain in her feet 
when standing or walking, which becomes worse as the 
day progresses. The pain radiates up her leg and to her 
back, and, by the evening, her feet are swollen. She feels 
her gait has changed, as she tries to minimize the pain by 
putting the whole foot on the ground, rather than mov- 
ing her weight from the heel to the toes at every step. 
Prints of her feet while weight-bearing show that the en- 
tire sole of the foot leaves an imprint on the ground. The 
patient is diagnosed to have ‘flat-foot’, possibly due to 
chronic strain. 

Study question 1: which parts of the foot normally touch 
the ground when a person stands? Why does the entire 
foot not touch the ground normally? (Answer: the heel, 


the lateral border of the foot, and the heads of the meta- 
tarsals imprint the ground. The medial side of the foot is 
raised off the ground by the longitudinal arch of the foot.) 

Central to the development of flat-foot due to chronic 
Strain is the sagging of the head of the talus. Study ques- 
tion 2: what structure/structures normally support the 
head of the talus? (Answer: the plantar calcaneonavicular 
ligament and the tendon of the tibialis posterior.) When 
the head of the talus sags under the weight of the body, 
the plantar calcaneonavicular ligament is stretched, and 
the unsupported head is displaced medially and down- 
wards. The foot is chronically everted, and pressure on 
the nerves and blood vessels of the sole cause pain and 
discomfort. 


CHAPTER 20 


The nerves of the lower limb 





Introduction 


A lower limb neurological examination is 
part of the general neurological examination and 
is used to assess the integrity of motor and sensory 
nerves which supply the lower limb. Fig. 20.1 shows 
the cutaneous distribution of the main nerves of the 
upper limb, and Fig. 20.2 shows the dermatomal 
pattern. 


Motor distribution 





Injury to a motor nerve will result in paralysis 
of the muscles supplied by it, and an inability to 
move the joint on which they act. Where a nerve 
innervates muscles in more than one segment of 
the limb (thigh, leg, foot), the effects of injury 
to the nerve depend on the level of injury. Thus, 
when the sciatic nerve is destroyed in the pop- 
liteal fossa, the hamstring muscles supplied by it 
in the thigh are not paralysed, though those in 
the leg and foot are. In general, the more proxi- 
mal the nerve lesions, the greater will be the 
motor loss. 

The results of lower limb nerve injuries are shown 
in Tables 20.1 to 20.10. (Abbreviations: the toes are 
numbered 1 to 5, from the medial side—1 is the big 
toe, and S the little toe. MP = metatarsophalangeal 
joint. IP = interphalangeal joints. PIP = proximal 


interphalangeal joint(s). DIP = distal interphalan- 
geal joint(s).) 


Femoral nerve 


Table 20.1 shows the effects of injury on the femo- 
ral nerve. 


Obturator nerve 


Table 20.2 shows the effects of injury on the obtu- 
rator nerve. 


Superior gluteal nerve 


Table 20.3 shows the effects of injury on the supe- 
rior gluteal nerve. 


Inferior gluteal nerve 


Table 20.4 shows the effects of injury on the infe- 
rior gluteal nerve. 


Sciatic nerve 


Table 20.5 shows the effects of injury on the sciatic 
nerve. 


Deep fibular nerve 


Table 20.6 shows the effects of injury on the deep 
fibular nerve. 


Superficial fibular nerve 


Table 20.7 shows the effects of injury on the super- 
ficial fibular nerve. 
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Fig. 20.1 Diagrams of the cutaneous distribution of nerves in the lower limb. 


Tibial nerve 


Table 20.8 shows the effects of injury on the tibial 
nerve. 


Medial plantar nerve 


Table 20.9 shows the effects of injury on the medial 
plantar nerve. 


Lateral plantar nerve 


Table 20.10 shows the effects of injury on the lat- 
eral plantar nerve. 

Clinical Applications 20.1 and 20.2 look at some 
of the practical implications of the anatomy de- 
scribed in this chapter. 
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Fig. 20.2 Dermatomes of the lower limb, showing the segmental cutaneous distribution of spinal nerves (T. 12, L.| to 5, S. 1 to 5, Co.) on 
(A) the front and (B) the back of the limb and lower part of trunk. 


After Head, 1893, and Foerster, 1933. 


Table 20.1 The effects of injury to the femoral nerve 





Joint involved Movement affected Explanation for loss/weakness of movement 
Effect on hip joint Flexion weakened Sartorius, rectus femoris, and pectineus are paralysed. Weak flexion 
brought about by iliopsoas 
Effect on knee joint Extension lost or severely Quadriceps femoris is paralysed. Weak extension maintained by tensor 
weakened fascia latae and gluteus maximus 


Table 20.2 The effects of injury to the obturator nerve 


Joint involved Movement affected Explanation for loss/weakness of movement 

Effect on hip joint Adduction lost Obturator externus, adductor longus, adductor brevis, adductor 
magnus (adductor part), and gracilis are paralysed. Weak adduction is 
brought about by pectineus 


Table 20.3 The effects of injury to the superior gluteal nerve 


Joint involved Movement affected/compensatory movement Explanation for loss/weakness of movement 





Effect on hip joint Abduction lost. Compensatory flexion of | Gluteus medius, gluteus minimus, and tensor fascia latae are 
the body to the paralysed side, to enable paralysed 
the opposite limb to be raised from the 


Table 20.4 The effects of injury to the inferior gluteal nerve 


Joint involved Movement affected Explanation for loss/weakness of movement 





Effect on hip joint Extension weakened Gluteus maximus is paralysed. Weak extension is brought 
about by hamstrings 


The nerves of the lower limb 


Table 20.5 The effects of injury to the sciatic nerve 





Joint involved Movement affected Explanation for loss/weakness of movement 


286 Effect on hip joint Extension weakened Adductor magnus (hamstring part), biceps femoris long head, 
semitendinosus, and semimembranosus are paralysed. Weak 
extension is brought about by gluteus maximus 


Effect on knee joint Flexion severely weakened Biceps femoris, semitendinosus, and semimembranosus are 
paralysed. Sartorius and gracilis are responsible for the weak 
flexion 

Lateral rotation of leg on femur Biceps femoris is paralysed. Iliotibial tract is responsible for 
weakened weak lateral rotation 


Table 20.6 The effects of injury to the deep fibular nerve 


Joint involved Movement affected Explanation for loss/weakness of movement 
Effect on ankle joint Dorsiflexion lost Tibialis anterior, extensor hallucis longus, and extensor 
digitorum longus are paralysed 
Effect on Inversion is weakened Tibialis anterior and extensor hallucis longus are paralysed 
talocalcaneonavicular and Weak inversion by tibialis posterior 
calcaneocuboid joints 
Eversion slightly weakened Peroneus tertius is paralysed. Peroneus longus and brevis are 
responsible for eversion 
Effect on first MP joint Extension lost Extensor hallucis longus and extensor hallucis brevis are 
paralysed 
Effect on lateral four MP Extension lost Extensor digitorum longus and extensor digitorum brevis are 
joints paralysed 
Effect on IP joint of big toe Extension lost Extensor hallucis longus is paralysed 
Effect on IP joint of lateral Extension weakened in middle Extensor digitorum longus and extensor digitorum brevis 
four toes three toes are paralysed. Lumbricals in the middle three toes are 
Extension lost in little toe responsible for the weak extension 


Table 20.7 The effects of injury to the superficial fibular nerve 





Joint involved Movement affected Explanation for loss/weakness of movement 
Effect on talocalcaneonavicular Eversion weakened Peroneus longus and peroneus brevis are paralysed. Peroneus 
and calcaneocuboid joints tertius and lateral part of extensor digitorum are responsible 


for weak eversion 


Table 20.8 The effects of injury to the tibial nerve 





Joint involved Movement affected Explanation for loss/weakness of movement 
Effect on knee joint Flexion slightly weakened Popliteus and gastrocnemius are paralysed. Hamstrings, sartorius, 

and gracilis are responsible for flexion 
Effect on ankle joint Plantar flexion markedly Gastrocnemius, soleus, plantaris, flexor hallucis longus, flexor 

weakened digitorum longus, and tibialis posterior are paralysed. Peroneus 

longus and brevis are responsible for weak flexion 
Effect on first MP Flexion weakened Flexor hallucis longus and flexor hallucis brevis are paralysed. 
joint Lumbrical is responsible for weak flexion 
Effect on lateral four Flexion weakened Flexor digitorum longus is paralysed. Lumbricals are responsible 2 
MP joints for some flexion O 
Effect on first IP joint Flexion lost Flexor digitorum longus is paralysed 5 
Effect on lateral four Flexion weakened Flexor digitorum longus is paralysed. Lumbricals are responsible D 
PIP joints for weak flexion ia 

ea E EE E AA ANENE E EH EAE ee ee ee ee ee Ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee O 
Effect on lateral four Flexion lost Flexor digitorum longus is paralysed © 
DIP joints 2 
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Table 20.9 The effects of injury to the medial plantar nerve 





Joint involved Movement affected Explanation for loss/weakness of movement 
Effect on first MP joint Abduction lost Abductor hallucis is paralysed 
Flexion weakened Flexor hallucis brevis is paralysed. Flexor hallucis longus is 
responsible for some flexion 
Effect on MP joints of Flexion weakened Flexor hallucis brevis is paralysed. Lumbricals and interossei are 
lateral four toes responsible for some flexion 


Table 20.10 The effects of injury to the lateral plantar nerve 





Joint involved Movement affected Explanation for loss/weakness of movement 

Effect on first MP joint Adduction lost Adductor hallucis is paralysed 
“Effecton MPjoints3-5toes Adduction lost Plantar interossei are paralysed 0000 
Effect on MP joints 2-4toes Abduction lost Dorsal interossei are paralysed = 0 
-Effect on MP joint offifthtoe Abduction lost Abductor digiti minimi is paralysed = 
Effect on IP joints 2-5 toes Extension lost if MP fully extended Lumbricals and interossei are paralysed 
“Effect on IP joint of fifth toe | Flexion lost = Flexor digiti minimi brevis is paralysed = 


CLINICAL APPLICATION 20.1 Peripheral neuropathy (polyneuropathy) 


Diseases such as diabetes, can affect nerves of the The sensory loss on the feet has a typical ‘stocking’ 
periphery, causing a condition called peripheral distribution. 

neuropathy where nerve functions are lost. The ini- Study question: list all the nerves damaged in a patient 
tial symptoms are most often sensory, and the longest who has peripheral neuropathy extending up to mid calf. 
nerves are affected first. Because this is a systemic dis- (Answer: saphenous, sural, superficial fibular, deep fibu- 
ease, the condition produces symmetrical symptoms. lar, tibial, lateral and medial plantar nerves [Fig. 20.1].) 


The nerves of the lower limb 
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CLINICAL APPLICATION 20.2 Motor 
assessment of lower limb musculature 


Motor examination of the lower limb in a patient with 
spinal cord injury provides a reliable and quick way 
to localize the level of the lesion. Five muscles of the 
lower limb, one primarily supplied by each of the five 
segmental nerves L. 2 to S. 1, are tested. The integ- 
rity of each spinal segment is evaluated by the ability 
of a muscle supplied by it to bring about a particular 
movement of a joint [Table 20.11]. (The strength of the 
muscle is scored on a 5-point scale not included here.) 


Table 20.11 Motor assessment of lower limb musculature 





Spinalsegment Primary movement Prime muscle causing 

(myotome) movement 

L. 2 Hip flexion Iliopsoas 

L.3 Knee extension Quadriceps 

L. 4 Ankle dorsiflexion Tibialis anterior 

L5 Big toe extension Extensor hallucis 

longus 

S. 1 Ankle plantar Gastrocnemius— 

flexion soleus 


Reference: Standard neurological classification of spinal cord injury by American 
Spinal Injury Association (ASIA). 


CHAPTER 21 


MCQs for part 3: The lower limb 


The following questions have four options. You are required to choose the most correct answer. 


1. 


The saphenous opening 289 


A. is a deficiency in the superficial fascia of the thigh 

B. is limited on the medial side by the falciform margin 

C. transmits the long saphenous vein and superficial inguinal arteries 
D. is present 4 cm inferomedial to the pubic tubercle 


The femoral canal contains the 


A. femoral artery 

B. femoral branch of the genitofemoral nerve 
C. genital branch of the genitofemoral nerve 
D. lymph node 


All of the following statements are true regarding the sartorius, EXCEPT 


A. it forms the lateral boundary of the femoral triangle 
B. it covers the roof of the adductor canal 

C. it is supplied by the femoral nerve 

D. it flexes the hip joint and extends the knee joint 


The descending genicular artery is a branch of the 


A. femoral artery 

B. profunda femoral artery 

C. obturator artery 

D. deep external pudendal artery 


The nerve supply of the tensor fasciae latae is the 


A. femoral nerve 

B. sciatic nerve 

C. superior gluteal nerve 
D. 


inferior gluteal nerve 
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10. 


11. 


12. 


13. 


The articularis genu muscle Is part of the 


A. vastus medialis 

B. vastus intermedius 
C. vastus lateralis 
D. 


rectus femoris 


The pectineus is supplied by the 


A. femoral branch of the genitofemoral nerve 
B. posterior division of the obturator nerve 
C. femoral nerve 

D. ventral rami of L. 2 and L. 3 


The posterior superior iliac spine lies at the level of the 


A. fourth lumbar spine 
B. fifth lumbar spine 
C. first sacral spine 

D. second sacral spine 


The companion artery of the sciatic nerve arises from the 


A. medial circumflex femoral artery 
B. lateral circumflex femoral artery 
C. inferior gluteal artery 
D. superior gluteal artery 


The sural nerve is the cutaneous branch arising from the 


A. tibial nerve 

B. common fibular nerve 
C. superficial fibular nerve 
D. deep fibular nerve 


The structures that are attached to the anterior inferior iliac spine are the 


A. sartorius and inguinal ligament 

B. sartorius and iliofemoral ligament 

C. rectus femoris and inguinal ligament 
D. 


rectus femoris and iliofemoral ligament 


The tendon of the peroneus longus grooves the inferior surface of the 


A. calcaneus 
B. talus 

C. cuboid 
D. navicular 


The skin of the first interdigital cleft of the leg is innervated by the 


A. deep fibular nerve 
B. superficial fibular nerve 
C. saphenous nerve 


D. sural nerve 


14. The action of the tibialis posterior is 


A. dorsiflexion and inversion of the foot 

B. plantar flexion and inversion of the foot 
C. dorsiflexion and eversion of the foot 

D. plantar flexion and eversion of the foot 


15. The oblique popliteal ligament is the extension of the 


A. semimembranosus tendon 
B. semitendinosus tendon 
C. biceps femoris tendon 
D. gastrocnemius tendon 


Please go to the back of the book for the answers. 
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Answers to MCQs 


Answers for part 2: The upper limb 
L 


2. 


10. A 


B 


D 
A 


QO oo a 8 


o 


11. A 
12. B 
13. B 
14. A 


15. A 
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LC 
2.D 
3.D 


4. A 


5C 


6. B 


Ta As 


8.D 


9 


10.A 


11. D 


LG 


13.A 


14. B 


15. A 
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A 
abduction 4 
abductor digiti minimi 112, 139t, 247-248, 
280t 

abductor hallucis 231, 247, 280t 
abductor pollicis brevis 111, 140t 
abductor pollicis longus 114, 117, 123, 140t 
accessory nerve, spinal 49, 52 
accessory obturator nerve 182 
acetabular fossa 159, 161 
acetabular labrum 212 
acetabular notch 161 
acetabulum 157 

transverse ligament 161, 212 
acromioclavicular joint 25, 28 
acromion 28, 69 
active insufficiency 12 
adduction 4 
adductor brevis 181, 182, 215t 
adductor canal 173, 175-176 
adductor hallucis 252, 280t 
adductor hiatus 183 
adductor longus 181, 215t 
adductor magnus 163, 181, 183 
adductor pollicis 111, 140t 
adductor tubercle 162 
afferent lymph vessels 6 
afferent nerves 7 
anastomoses 6 

ankle joint 244 

cruciate 195, 196-197 

elbow joint 106 

knee joint 244 

scapula 82 

thigh, back of 209-210 
anatomical position 3 
anatomical snuffbox 56 
anconeus 114, 117, 129t 
ankle joint 157, 267-270 

anastomosis around 244 

capsule 267,270 

movements 270, 272t 

muscles acting on 272t 

synovial membrane 270 
annular ligament 55, 133 
anterior 3 
anterior axillary fold 25, 36 
anterior circumflex humeral artery 38 
anterior compartment syndrome 258 
anterior cruciate ligament 263 
anterior inferior iliac spine 161 
anterior interosseous artery 106, 119 
anterior interosseous nerve 106 
anterior median line 3 


anterior superior iliac spine 43, 160 
anterior talofibular ligament 267 
anterior tibial artery 204, 231, 240 
anterior tibiofibular ligament 273 
apical axillary lymph nodes 31, 38 
aponeurosis 11 
bicipital 66, 87 
palmar 57, 66, 94, 97 
plantar 244, 246 
arches of foot 224, 273-276 
arcuate artery 231-232 
areola 29 
arm 23 
anterior compartment 85-90 
deep fascia 66 
posterior compartment 90-92 
surface anatomy 53-54 
see also forearm 
arteries 6 
arterioles 6 
arteriovenous anastomoses 6; see also 
anastomoses 
articular capsule 
hip joint 211 
knee joint 260 
shoulder joint 77-78 
sternoclavicular joint 35 
articular cartilage 13 
articular disc 14 
radio-ulnar joints 133 
sternoclavicular joint 35 
articularis genus muscle 181 
autonomic nervous system 9-10 
axilla 25-28, 36-42 
bones of 25-26 
boundaries and contents 36 
surface anatomy 27-28 
axillary artery 37-38 
axillary fascia 31 
axillary lymph nodes 31, 38-39 
surgical dissection 42 
axillary nerve 42, 74, 147f 
injury 147t 
axillary tail 31 
axillary vein 38 


B 
back 43-52 
cutaneous nerves and arteries 47 
surface anatomy 43-46 
ball-and-socket joint 13-14 
basilic vein 38, 59, 88 
biceps brachii 85, 129t, 135t 
long head 81t, 85, 87 
short head 81t, 85, 87 
biceps femoris 163, 208 
long head 208, 216t, 268t 


short head 208, 268t 
tendon of 199 
bicipital aponeurosis 66, 87 
bifurcate ligament 277 
bipennate muscles 12 
blood pressure measurement 92 
blood vessels 6 
bones 15-17 
brachial artery 53, 88, 89-90 
inferior ulnar collateral branch 89 
superior ulnar collateral branch 89 
brachial plexus 39-42 
brachial veins 38 
brachialis 87, 129t 
brachioradialis 107, 114, 129t, 135t 295 
breast 29-31 
breast cancer 42 
bursa 12-13 
anserina 175 
deep infrapatellar 170, 260 
subscapular 78 
suprapatellar 170, 181, 262, 263 
buttock 157 


C 


calcaneocuboid joint 277-278 
calcaneofibular ligament 267, 270 
calcaneonavicular ligaments 277 
calcaneus 158, 224 
calf 157 

superficial muscles 237-239 
cancellous bone 15 
capillaries 6 
capitulum 53 
carpal bones 57 
carpal tunnel 102 
carpal tunnel syndrome 124 
carpometacarpal joints 58, 135-137 

thumb 58, 111, 123, 136-137 
carrying angle 128 
cartilaginous joints 13 
caudal 3 
central axillary lymph nodes 38 
cephalic 3 
cephalic vein 59 
cervical rib syndrome 149 
chiasma tendinum 109 
circumflex humeral arteries 74 
circumflex scapular artery 38 
clavicle 25-26, 27 
clavipectoral fascia 31 
claw hand 138, 141 
clean 18 
club-foot 276 
coccyx 43, 187 
collateral circulation 6 
collateral ligaments 137 


Index 
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collaterals 7 
common fibular nerve 193, 199, 203, 243 
branches in popliteal fossa 203 
fibular communicating branch 203, 
227,235 
injection-related damage 257 
terminal branches 232 
common interosseous artery 106 
common palmar digital arteries 99 
common palmar digital nerve 106, 107 
common plantar digital arteries 250, 253 
common plantar digital nerves 250 
compact bone 15 
companion artery of the sciatic nerve 192 
computerized tomography 20 
concentric action 10 
concentric contraction 10 
condyloid joints 14 
conoid ligament 76 
conoid tubercle 76 
coracoacromial arch 69 
coracoacromial ligament 69, 76 
coracobrachialis 81t, 85, 87 
coracoclavicular ligament 69, 76-77 
coracohumeral ligament 78 
coracoid 69 
coracoid process 28, 69 
coronal plane 3 
coronoid fossa 53 
coronoid process 54 
costoclavicular ligament 35 
cranial nerves 7 
cribriform fascia 166-167 
cruciate anastomosis 195, 196-197 
cruciate ligaments 263 
cubital fossa 90 
cuboid 158, 223 
cuboideonavicular joints 278 
cuneiform bones 158 
cuneocuboid joints 278 
cut 18 
cutaneous nerves 
back 47 
foot, dorsum of 227 
gluteal region 187-188 
lower limb 167-168, 227, 284f 
pectoral region 28-29 
upper limb 60-65, 144f 


D 
deep 3 
deep external pudendal artery 174, 177 
deep fascia 5 
gluteal region 188 
leg, back of 236-237 
leg, front of 227 
palm 109,111 
pectoral region 31 
popliteal region 200 
sole of foot 244, 246-247 
thigh 169 
upper limb 66 
deep fibular nerve 227, 231, 232 
injury 286t 


deep infrapatellar bursa 170, 260 
deep inguinal lymph nodes 174-175 
deep palmar arch 112 
deep tendon reflexes 185 
deep transverse metacarpal ligament 121 
deep transverse metatarsal ligament 254 
define 18 
deltoid 70, 80, 81t 
deltoid (medial) ligament 220, 267, 277 
deltoid tuberosity 53, 69 
dermatomes 8, 28f, 47, 62, 64f, 285f 
dermis 5 
descending genicular artery 177 
diaphysis 16 
digits 23 
surface anatomy 58 
see also fingers; thumb 
digitus minimus 158 
disc, articular, see articular disc 
dissect 18 
dissection 
ankle joint 268 
arm, back of 91 
arm, cutaneous nerves at front of 63 
arm, front of 86 
arm, skin reflection 58 
axilla 37, 39 
back 46, 48 
breast 31 
chest, skin reflection 30 
elbow joint 127, 128 
femoral sheath, canal and ring 173 
femoral triangle 174 
foot joints 276, 278 279 
forearm, back of 113 
forearm, cutaneous nerves at front of 63 
forearm, front of 94-96, 105 
forearm, skin reflection 58 
general instructions 17-18 
gluteal region 188, 190, 192, 196, 197 
gluteus maximus 189 
hand, back of 118, 119-120 
hip joint 212 
instruments 17 
interosseous membrane 133 
knee joint 243, 260, 262, 264 
lateral intermuscular septum of thigh 179 
leg, back of 237-238, 240 
leg, cutaneous vessels and nerves of back 
of 235 
leg, deep fascia 227 
leg, fibular compartment 233 
leg, front of 228-229, 232 
leg, medial side 234 
leg, skin reflection, cutaneous nerves and 
vessels of front of 225-226 
palm of hand 65-66, 101, 105, 110 
pectoral region 32, 33 
popliteal fossa 199, 201 
radio-ulnar joints, superior and 
inferior 134 
shoulder region 72, 73, 74-75 
sole of foot 245, 247, 248-249, 251, 252, 
253, 254 


sternoclavicular joint 35 
terminology 18 
thigh, back of 207, 209 
thigh, deep fascia 169 
thigh, front of 175 
thigh, medial compartment 181, 182 
thigh, skin reflection 163 
thigh, superficial and cutaneous 
nerves 168 
thigh, superficial veins 165-166 
tibiofibular joints 273 
wrist joint 130, 131 
distal 3 
distal radio-ulnar joint 133 
distal tibiofibular joint 273 
dorsal 3 
dorsal carpal artery 106,119 
dorsal carpal rete 119 
dorsal digital arteries 119 
dorsal digital nerves 
foot 227, 231 
hand 64, 65, 113 
dorsal digital veins 225 
dorsal interossei 
fingers 121, 139t 
toes 280t 
dorsal metacarpal arteries 119 
dorsal metatarsal arteries 231, 232, 250 
dorsal metatarsal vein 225 
dorsal ramus 8, 47, 187 
dorsal root 8 
dorsal scapular artery 49 
dorsal scapular nerve 41, 49 
dorsal venous arch 225-226 
dorsal venous network of hand 59 
dorsalis pedis artery 231-232 
dorsiflexion 4 
dorsum of foot 158, 225-232 
drop foot 231 
Dupuytren’s contracture 125 


eccentric action 10 
eccentric contraction 10 
efferent lymph vessels 6 
efferent nerves 7 
elbow 

anastomosis around 106 

deep fascia 66 
elbow joint 127-129 
ellipsoid joints 14 
end arteries 6 
endochondral ossification 15-16 
endoneurium 7 
epicondyles 53, 162 
epidermis 5 
epigastric fossa 28 
epineurium 7 
epiphysis 16 
extension 4 
extensor carpi radialis brevis 114, 116, 132t 
extensor carpi radialis longus 114, 116, 

129t, 132t 

extensor carpi ulnaris 114, 116-117, 132t 


extensor digiti minimi 114, 120, 132t, 139t 
extensor digitorum 114, 120, 132t, 139t 
extensor digitorum brevis 224, 230, 
231, 232, 280t 
extensor digitorum longus 229, 230, 
272t, 277t 
extensor expansion 
fingers 120-121 
foot 230, 231 
thumb 123 
extensor hallucis brevis 232 
extensor hallucis longus 228-229, 231, 
272t, 277t 
extensor indicis 116, 120, 132t, 139t 
extensor pollicis brevis 114, 123, 140t 
extensor pollicis longus 116, 123, 132t, 140t 
extensor retinaculum 66, 118 
external 3 
external iliac artery 196-197 
external iliac lymph nodes 236 
external occipital protuberance 43 


F 
fabella 238 
fascia, see deep fascia; superficial fascia 
fascia lata 169 
fat 5 
femoral artery 161, 176-177 
femoral canal 164, 171, 173 
femoral hernia 184 
femoral nerve 175, 177-178, 243 
anterior cutaneous branches 168 
injury 285t 
femoral ring 173 
femoral sheath 164, 170-171 
femoral triangle 173-175 
femoral vein 171, 177 
femoral vessels 174 
femur 157 
closed supracondylar fracture 205 
fractured neck of 217-218 
greater and lesser trochanter 161-162 
head of 161 
ligament at head of 161, 212 
neck of 161-162 
nutrient artery 209 
patellar surface 162 
popliteal surface 162 
shaft 162 
fibrous capsule (membrane) 13 
distal radio-ulnar joint 133 
metacarpophalangeal joints 137-138 
wrist joint 130 
fibrous flexor sheaths 
hand 66, 102 
sole of foot 246-247 
fibrous joints 13 
fibula 157, 220-221 
nutrient artery 240 
fibular 3 
fibular artery 240 
fibular collateral ligament 199, 208, 260 
fibular communicating nerve 203, 227, 235 
fibular retinacula 227 


fibular trochlea 232 
fibularis brevis 232, 272t, 277t 
fibularis longus 232, 272t, 277t 
tendon of 223, 254, 256 
fibularis tertius 229, 230-231, 272t, 277t 
fingers 
extensor tendons 120 
movements 121-123, 139-140t 
muscles acting on 139t 
short muscles of little finger 112 
first dorsal metatarsal artery 231 
first palmar interosseous 140t 
flat bones 15 
flat-foot 276, 282 
flexion 4 
flexor accessorius 251, 280t 
flexor carpi radialis 107-108, 129t, 132t, 135t 
flexor carpi ulnaris 107, 116-117, 132t 
tendon of 57 
flexor digiti minimi 139t 
flexor digiti minimi brevis 112, 252, 280t 
flexor digitorum brevis 247, 280t 
flexor digitorum longus 241-242, 272t 
flexor digitorum profundus 109, 132t, 139t 
flexor digitorum superficialis 108-109, 
1326, 129% 
flexor hallucis brevis 252, 280t 
flexor hallucis longus 241, 272t 
flexor pollicis brevis 111, 140t 
flexor pollicis longus 109, 132t, 140t 
flexor retinaculum 57, 58, 66, 102, 227, 234, 
236-237, 242 
foot 158 
arches of 224, 273-276 
bones 221-224 
dorsum of 158, 225-232 
joints of 273-280 
lateral part 223-224 
medial part 223-224 
sole of 158, 244-256 
surface anatomy 221-224 
forearm 23 
arteries of flexor compartment 104, 106 
arteries of the back 118-119 
bones and surface anatomy 54-55, 93 
extensor compartment 112-113 
front of 94-112 
interosseous membrane 134 
muscles 93-94, 107-109, 114-117 
nerves of flexor compartment 106-107 
fossa 
acetabular 159, 161 
coronoid 53 
cubital 90 
epigastric 28 
infraclavicular 28 
infraspinous 69 
intercondylar 162 
malleollar 221 
olecranon 54 
popliteal 157, 199-205 
radial 53-54 
Supraspinous 69 
trochanteric 162 


fractures 
closed supracondylar femoral 205 
humeral shaft 92 
neck of femur 217-218 
stress 258 


G 
gastrocnemius 162, 221, 237-238, 268t, 
272t 
gemelli 194, 216t 
genitofemoral nerve, femoral branch 168, 
171,175 
glenohumeral ligaments 78 
glenoid cavity 69, 79 
gluteal fold 157, 187 
gluteal lines 161 
gluteal region 157, 187-197 
cutaneous nerves 187-188 
deep fascia 188 
intragluteal injection 197, 257 
superficial fascia 187 
surface anatomy 187 
gluteal tuberosity 162, 189 
gluteus maximus 169, 189, 215t, 268t 
gluteus medius 195, 196-197, 215t 
gluteus medius gate 197 
gluteus minimus 195, 196-197, 215t 
gracilis 163, 181, 183, 216t, 268t 
greater sciatic foramen 189, 191 
greater sciatic notch 160 
greater trochanter 161-162 
grey ramus communicans 9 
growing end 16 
growth cartilage 16 
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H 

hallux 158 

hallux valgus 280-281 

hamate, hook of 57 

hamstrings 208 

hand 23, 94-112 
arteries of 118-119 
bones and surface anatomy 93 
dorsal venous network 59 
extensor compartment 112-113 
muscles of 107-109 
nerves of flexor compartment 106-107 
palm, fascial compartments 109, 111 
palm, surface anatomy 57 

hernia, femoral 184 

hinge joints 14 

hip 157 

hip bone 157, 159 

hip joint 211-218 
articular capsule 211 
blood vessels 213 
extracapsular ligaments 211-212 
intracapsular structures 212 
movements 213-214, 217t 
muscles acting on 215-216t 
nerves 213 
retinacula 213 
small muscles on the back of 193-194 
synovial membrane 213 
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humerus 53-54, 69-70 
anatomical neck 53, 70 
head 53, 69 
medial and lateral rotation 80 
mid-shaft fracture 92 
muscles attaching to scapula 70-71 
nutrient artery 90 
surgical neck 53, 70 
tubercles 53, 69-70 
hypothenar eminence 23, 57 


l 
iliac crest 43, 160 

tubercle of 161 
iliac fascia 171 
iliac lymph nodes 236 
iliacus 184, 215t 
iliofemoral ligament 162, 211-212 
iliohypogastric nerve, lateral cutaneous 

branch 187 

ilio-inguinal nerve 167 
iliopubic eminence 160 
iliotibial tract 163, 169, 178-179, 261 
ilium 157, 159 
inferior 3 
inferior extensor retinaculum 227 
inferior genicular artery 204 
inferior gluteal artery 192 
inferior gluteal nerve 192 

injury 286t 
inferior lateral genicular nerve 203 
inferior medial genicular nerve 203 
inferior pubic ramus 160 
infraclavicular axillary lymph nodes 31 
infraclavicular fossa 28 
infrapatellar fold 262 
infrapatellar pad of fat 260 
infraspinatus 70, 81t 
infraspinous fossa 69 
inguinal ligament 160, 170 
inguinal lymph nodes 

deep 174-175 

superficial 167, 235-236 
inguinal region 157 
intercapital veins 59 
intercarpal joints 131, 135-137 
interclavicular ligament 35 
intercondylar area 219 
intercondylar eminence 219 
intercondylar fossa 162 
intercondylar tubercles 219 
intercostal nerves 

anterior cutaneous branches 29 

lateral cutaneous branches 29 
intercostobrachial nerve 29, 63 
intercuneiform joints 278 
intermediate 4 
intermediate cuneiform 158 
intermediate dorsal cutaneous nerve 227 
intermetacarpal joints 135-137 
intermetatarsal joints 279 
intermuscular septa 5 

arm 66 

leg 224-225 


thigh 179 
internal 3 
internal iliac artery 196-197 
internal iliac lymph nodes 236 
internal pudendal artery 193 
interosseous arteries 106 
interosseous ligaments 135 
interosseous membrane 

forearm 134 

leg 157, 270, 272 
interosseous muscles 

foot 254 

hand 121, 122, 138 
interosseous tibiofibular ligament 273 
interphalangeal joints 

fingers 58, 121, 138 

thumb 58, 124, 138 

toes 158, 280 
intertarsal joints 278 
intertendinous connections 120 
intertrochanteric crest 162 
intertrochanteric line 162 
intertubercular sulcus 69 
intragluteal injection 197, 257 
intramembranous ossification 16-17 
intravenous injections 67 
irregular bones 15 
ischial ramus 160 
ischial tuberosity 160, 187 
ischiofemoral ligament 212 
ischiopubic ramus 159, 160 
ischium 157, 159 
isometric contraction 10 
isotonic contraction 10 


J 


joints 13-14 
jugular notch 27 


K 

knee joint 157-158, 259-267 
anastomosis around 244 
extracapsular structures 260-261 
injury 281-282 
intracapsular structures 261-265 
movements 265-267, 269t 
muscles acting on 268t 
nerves of 243-244 

knuckles 57 


L 


lactiferous duct 30 

lactiferous sinus 30 

lacunar ligament 160, 170 

lateral 3 

lateral axillary lymph nodes 38 

lateral circumflex femoral artery 174, 178 

lateral condyle 162, 219 

lateral cuneiform 158 

lateral cutaneous nerve of the calf 203, 227 

lateral cutaneous nerve of the forearm 
64,112 

lateral cutaneous nerve of the thigh 168, 
175, 178, 187 


lateral epicondyle 53, 162 
lateral flexion 4 
lateral ligament of ankle 267 
lateral longitudinal arch 224, 273 
lateral malleolus 157, 221 
lateral meniscus 259-260, 264-265 
lateral pectoral nerve 41 
lateral plantar artery 250 
lateral plantar nerve 250 
deep branch 253 
injury 287t 
lateral rotation 4 
lateral thoracic artery 38 
latissimus dorsi 28, 47, 51t, 80, 81t 
leg 157 
anterior compartment 229-232 
back of 234-244 
bones 219-221 
front of 225-232 
intermuscular septa 224-225 
interosseous membrane 157, 270, 272 
lateral side 232-233 
medial side 233-234 
surface anatomy 219-221 
varicose veins 256 
lesser sciatic foramen 189, 191 
lesser sciatic notch 160 
lesser trochanter 161-162 
levator ani 194 
levator scapulae 47, 50, 51t 
ligaments 13 
ligamentum cervicis 276 
ligamentum nuchae 43 
linea alba 12 
linea aspera 162 
long bones 15 
long head of triceps 81t, 90 
nerve to 42 
long plantar ligament 254, 278 
long saphenous vein 167, 226, 233-234 
long thoracic nerve 41 
injury 149t 
longitudinal arch 224, 273-274, 275-276 
lower lateral cutaneous nerve of the 
arm 64 
lower subscapular nerve 42 
lumbar plexus 177f 
lumbricals 
foot 230, 251-252, 280t 
hand 109, 121, 122, 138, 139t, 
lunate 57, 93 
lunate surface 161 
lymph capillaries (lymphatics) 6-7 
lymph nodes 6 
apical axillary 31, 38 
axillary 31, 38-39 
central axillary 38 
deep inguinal 174-175 
external iliac 236 
infraclavicular axillary 31 
internal iliac 236 
lateral axillary 38 
lower limb 235-236 
parasternal 31 


pectoral axillary 31, 38 

popliteal 236 

subscapular axillary 38 

superficial inguinal 167, 235-236 

surgical dissection 42 

upper limb 34f, 59-60, 63f 
lymph vessels 6-7 

axilla 31 

lower limb 235-236 

upper limb 34f, 59-60, 63f, 


M 


magnetic resonance imaging 20 
malleollar fossa 221 
mammary gland 29-30 
MCQs 
lower limb 289-291 
upper limb 151-153 
medial 3 
medial anterior cutaneous nerve of 
thigh 178 
medial circumflex femoral artery 174, 
182,195 
medial condyle 162, 219 
medial cuneiform 158 
medial cutaneous nerve of the arm 64 
medial cutaneous nerve of the forearm 
64-65, 88, 112 
medial dorsal cutaneous nerve 227 
medial epicondyle 53, 162 
medial ligament of ankle 220, 267, 277 
medial longitudinal arch 224, 273 
medial malleolus 157, 220 
medial meniscus 259-260, 264-265 
medial pectoral nerve 41 
medial plantar artery 250 
medial plantar nerve 248 
injury 287t 
medial rotation 4 
median 3 
median cubital vein 59 
median nerve 42, 53, 65, 88, 89, 106-107, 
145f 
injury 144-145t 
median plane 3 
medius 4 
membranous ossification 16-17 
menisci 259-260, 264-265 
meniscofemoral ligaments 263 
mesotendon 102 
metacarpals 57 
metacarpophalangeal joints 58, 121, 
137-138 
thumb 58, 124, 138 
metaphysis 16 
metatarsals 158, 224 
first 224 
second 278 
fifth 224 
metatarsophalangeal joints 279 
mid-inguinal point 161 
mid-palmar space 109, 111 
middle 4 
middle genicular artery 204 


middle genicular nerve 203 
motor assessment 

lower limb 288 

upper limb 149, 150t 
motor nerves 7 
movement, terms of 4-5 
multipennate muscles 12 
muscle belly 11 
muscle contraction 10 
muscle fibres 11 
musculocutaneous nerve 42, 88, 147f 

injury 147t 
myelin sheath 7 
myelinated nerves 7 
myotome 8 


N 
natal cleft 157, 187 
navicular 158, 224 
nerve fibres 7 
nerve impulses 7 
nerve plexuses 8 
nerves 7-8 
neurovascular hilum 12 
nipple 28, 31 
nodes 7 
non-myelinated nerves 7 
nuchal groove 43 
nutrient artery 6 
femur 209 
fibula 240 
humerus 90 
radius 106 
tibia 219-220, 240-241 
ulna 106 


O 

oblique popliteal ligament 208, 260 

obturator artery 183-184 

obturator canal 183 

obturator externus 183, 215t 

obturator foramen 159 

obturator internus 191, 194, 215t 
nerve to 193 

obturator nerve 181, 183, 244 
genicular branch 204 
injury 285t 

olecranon 54, 93 

olecranon fossa 54 

olecranon process 54 

opponens digit minimi 112, 139t 

opponens pollicis 111, 140t 

os trigonum 221 

osteoblasts 16 

osteogenic layer 17 


P 


palm 
fascial compartments 109, 111 
surface anatomy 57 
palmar 3 
palmar aponeurosis 57, 66, 94, 97 
palmar carpal artery 106, 119 
palmar digital nerves 65 


palmar interossei 121, 139t 
palmar ligaments 121, 137 
palmar metacarpal artery 112 
palmaris brevis 58, 59 
palmaris longus 107 
tendon of 57 
parasternal lymph nodes 31 
parasympathetic nerves 10 
passive insufficiency 12 
patella 157, 163 
patellar bursae 
deep infrapatellar 170, 260 
suprapatellar 170, 181, 262, 263 
patellar plexus 168 
patellar retinacula 260 
patellar tendon (ligament) 163, 260 
patellofemoral cavity 262 
pecten pubis 160 
pectineal line 162 
pectineus 181, 182, 215t 
nerves to 178 
pectoral axillary lymph nodes 31 299 
pectoral region 25-35 
bones of 25-26 
cutaneous nerves 28-29 
deep fascia 31 
surface anatomy 27-28 
pectoralis major 32, 49, 51t, 80, 81t 
pectoralis minor 32-33, 49, 51t 
pelvic girdle 157 
perforating cutaneous nerve 187-188 
perineurium 7 
periosteum 15 
peripheral neuropathy 287 
phalanges 23, 158 
piriformis 193-194, 215t 
pisiform bone 57 
pisiform joint 136 
pisohamate ligament 107, 136 
pisometacarpal ligament 107, 136 
pivotjoints 14 
plane synovial joint 13 
plantar 3 
plantar aponeurosis 244, 246 
plantar arch 253-254 
plantar arteries 250 
plantar calcaneocuboid ligament 278 
plantar calcaneonavicular ligament 222, 
254, 274, 277 
plantar flexion 4 
plantar interossei 280t 
plantar ligaments 274, 279 
plantar metatarsal arteries 250, 253 
plantar nerves 248, 250 
plantaris 238-239, 268t, 272t 
pneumatic bones 15 
polyneuropathy 287 
popliteal aneurysm 205 
popliteal artery 176, 204, 240 
popliteal fossa 157, 199-205 
boundaries 200 
contents 200-203 
fascia 200 
surface anatomy 199 


Index 


Index 


300 


popliteal lymph nodes 236 
popliteal pulse 205 
popliteal vein 204, 240 
popliteus 219, 241, 268t 

fascia covering 208 

tendon of 162-163, 260 
position, terms of 3-4 
post-ganglionic nerve fibres 10 
posterior 3 
posterior axillary fold 25, 36 
posterior circumflex humeral artery 38 
posterior cruciate ligament 263 
posterior cutaneous nerve of the arm 64, 92 
posterior cutaneous nerve of the 

forearm 64,112 
posterior cutaneous nerve of the thigh 187, 
203, 207-208 

posterior interosseous artery 106, 118-119 
posterior interosseous nerve 118 
posterior median line 3 
posterior process, talus 221 
posterior superior iliac spine 43, 161, 187 
posterior talofibular ligament 267, 270 
posterior tibial artery 204, 221, 240-241 
posterior tibiofibular ligament 273 
preganglionic nerve fibres 9 
primary ossification centre 16 
princeps pollicis artery 112 
profunda brachii artery 88, 89 
profunda femoris artery 174, 176, 181, 209 
pronation 4-5, 23 
pronator quadratus 109, 135t 
pronator teres 108, 129t, 135t 
proper palmar digital arteries 102 
proper palmar digital nerves 106-107 
proper plantar digital arteries 250, 253-254 
proper plantar digital nerve 248, 250 
proximal 3 
proximal radio-ulnar joint 133 
proximal tibiofibular joint 272-273 
psoas major 184, 215t 
pubic arch 160 
pubic crest 160 
pubic symphysis 157, 160 
pubic tubercle 160 
pubis 157, 159 
pubofemoral ligament 212 
pudendal nerve 193 


pulse 
popliteal 205 
radial 56, 93 


Q 


quadrate ligament 133 
quadratus femoris 194-195 
quadriceps femoris 179-181 


R 

radial 3 

radial artery 56, 104, 106, 112, 119 
superficial palmar branch 106 

radial collateral artery 106 

radial collateral ligament 128, 130 

radial deviation 4 


radial fossa 53-54 
radial nerve 42, 88, 90, 92, 147f 
deep branch 92,118 
injury 148t 
superficial branch 64, 92,112 
radial notch 55 
radial pulse 56, 93 
radial tuberosity 55 
radialis indicis artery 112 
radiocarpal (wrist) joint 130-132 
radio-ulnar joints 133-135 
radius 54,55, 93 
annular ligament 133 
nutrient artery 106 
raphes 11 
rectus femoris 179, 180, 216t, 268t 
nerves to 178 
recurrent genicular nerve 203 
reflect 18 
reflexes, deep tendon 185 
retinaculum 5 
extensor 66,118 
fibular 227 
flexor 57, 58, 66, 102, 227, 234, 
236-237, 242 
inferior extensor 227 
neck of femur 162, 213 
patellar 260 
superior extensor 227 
superior fibular 232 
retract 18 
rhomboid major 48, 50, 51t 
rhomboid minor 48, 50, 51t 
ribs 27-28, 43 
second 27 
twelfth 43 
rotation 4 
rotator cuff injury 83 


S 


sacral plexus 195f 
sacro-iliac joints 157 
sacrospinous ligament 191 
sacrotuberous ligament 187, 189, 191 
sacrum 43 
saddle joints 14 
saggital plane 3 
saphenous nerve 168, 178, 227, 234 
saphenous opening 166-167 
Sartorius 163, 175, 216t, 268t 
nerves to 178 
scaphoid 56, 57, 93 
tubercle of 57 
scapula 26, 43, 69 
anastomosis around 82 
movements 49-50, 51t, 52t 
muscles attaching humerus to 70-71 
muscles attaching it to trunk 47-48 
spine of 69 
winging 52 
scapular notch 69 
Schwann cells 7 
sciatic nerve 193, 208 
injury 286t 


sciatic neuritis 210 
second cervical spine 43 
secondary ossification centres 16 
semimembranosus 163, 208, 216t, 268t 
semitendinosus 163, 208, 216t, 268t 
sensory nerves 7 
septa, see intermuscular septa 
serratus anterior 28, 37, 49, 50, 51t, 79 
sesamoid bones 11 
fingers 138 
foot 158, 224, 244, 253 
lower limb 158 
thumb 111, 138 
short bones 15 
short saphenous vein 226, 234-235 
shoulder 23, 69-83 
muscles attaching humerus to 
scapula 70-71 
paraesthesia over 67 
surface anatomy 69-70 
shoulder girdle 
movements 52t 
trunk muscles acting on 51t 
shoulder joint 77-78 
movements at 79-80, 82t 
muscles acting on 81t 
skeletal muscles 10-12 
skin 5 
removal of 18 
skin crease 57 
sole of foot 158, 244-256 
soleal line 219 
soleus 221, 238, 272t 
spinal accessory nerve 49, 52 
spinal ganglion 8 
spinal nerves 7-8 
spines of vertebrae 43 
spiral line 162 
spring ligament 222, 254,274,277 
sternal angle 27 
sternoclavicular joint 25, 26, 34-35 
sternoclavicular ligaments 35 
stress fractures 258 
styloid process 54, 56, 57 
subclavian lymph trunk 39 
subclavius 33-34, 51t 
nerve to 41 
subcostal nerve, lateral cutaneous 
branch 187 
subscapular artery 38 
subscapular axillary lymph 
nodes 38 
subscapular bursa 78 
subscapular nerve 
injury 148t 
upper and lower 42 
subscapularis 70, 81t 
subtalar joint 221, 276, 278 
sulcus tali 221 
superficial 3 
superficial circumflex iliac artery 176 
superficial epigastric artery 176 
superficial external pudendal 
artery 176-177 


superficial fascia 5 
gluteal region 187 
popliteal fossa 200 
sole of foot 244 
thigh, front of 163 


upper limb 59 
superficial fibular nerve 227, 232-233 
injury 286t 
superficial inguinal lymph nodes 167, 
235-236 


superficial palmar arch 99, 102 
superficial transverse metacarpal 
ligament 59 

Superior 3 
superior aperture of thorax 25 
superior extensor retinaculum 227 
superior fibular retinaculum 232 
superior genicular artery 204 
superior gluteal artery 196 
superior gluteal nerve 196 

injury 286t 
superior lateral genicular nerve 203 
superior medial genicular nerve 203 
superior nuchal line 43, 46 
superior thoracic artery 38 
supination 5, 23 
supinator 116,117, 135t 
supraclavicular nerves 28-29, 63 
supracondylar lines 162 
supraglenoid tubercle 69 
suprapatellar bursa 170, 181, 262, 263 
suprascapular artery 75-76 
suprascapular nerve 41, 75 

injury 149t 
Supraspinatus 70, 80, 81t 
supraspinous fossa 69 
sural nerve 203, 227, 235 
sustentaculum tali 222 
sympathetic nerves 9 
sympathetic trunk 9 
synergists 12 
synovial fluid 13 
synovial joints 13 
synovial membrane 13 

ankle joint 270 

elbow joint 128 

hip joint 213 

knee joint 263 

radio-ulnar joints 133 

shoulder joint 78 
synovial sheaths 13 

extensor tendons 118, 228-229 

flexor tendons 102, 104, 243, 252 


T 
talocalcaneonavicular joint 222, 274, 
276-277, 277t, 278, 278t 

talonavicular joint 278 

talus 157, 158, 221-222 
head of 224, 274 
malleolar surfaces 222 
posterior process 221 

tarsal bones 158 

tarsal joints 


movements at 278t 
muscles acting on 277t 
tarsometatarsal joints 278 
tendo calcaneus 221, 234, 238, 239 
tendons 11 
tenosynovitis 124-125 
tensor fasciae latae 169, 178, 216t, 268t 
teres major 28, 71, 81t 
teres minor 71, 81t 
thenar eminence 23, 57 
thenar space 111 
thigh 157 
back of 207-210 
front of 163-181 
medial side 181-184 
thoracoacromial artery 38 
thoracodorsal artery 38 
thoracodorsal nerve 42 
injury 148t 
thorax, superior aperture of 25 
thumb 
carpometacarpal joint 58, 111, 123, 
136-137 
extensors 123 
interphalangeal joint 58, 124, 138 
metacarpophalangeal joint 58, 124, 138 
movements 111-112, 123-124, 140-141t 
muscles acting on 140 
opposition 112, 123-124, 137 
short muscles 111 
surface anatomy 58 
tibia 157, 219-220 
nutrient artery 219-220, 240-241 
tibial 3 
tibial collateral ligament 260 
tibial nerve 193, 203, 239-240, 243-244, 
248 
injury 287t 
tibial tuberosity 163,219 
tibialis anterior 230, 272t, 277t 
tendon of 224, 228 
tibialis posterior 242, 272t, 274, 277t 
tendon of 224, 254 
tibiofibular joints 270-273 
toes 158 
flexor tendons 252 
movements 281t 
muscles acting on 280t 
transect 18 
transversalis fascia 171 
transverse arch 224, 274-275 
transverse cervical artery 49 
transverse ligament of acetabulum 161, 212 
transverse tarsal joint 278 
transverse tibiofibular ligament 273 
trapezium 56 
tubercle of 57 
trapezius 47,50, 51t 
trapezoid ligament 76 
Trendelenburg’'s sign 197 
triceps brachii 90, 129t 
lateral head 90 
long head 42, 81t, 90 
medial head 90 


trochanteric fossa 162 
trochlea 

fibula 232 

humerus 53, 54 

tali 221, 224 
trochlear notch 54, 93 
trunk of spinal nerve 8 


U 

ulna 54, 93 
nutrient artery 106 
trochlear notch 54, 93 

ulnar 3 

ulnar artery 104, 106 
palmar branch 112 

ulnar claw 138, 141 

ulnar collateral arteries 106 


ulnar collateral ligament 128, 130 x 
ulnar deviation 4 O 
ulnar nerve 42, 88, 89, 107, 146f — 
deep branch 112 
dorsal branch 65, 107, 112-113 301 


injury 146t 
palmar (cutaneous) branch 65 
superficial branch 107 

ulnar notch 57 

ultrasound 20 

upper lateral cutaneous nerve of the 

arm 64, 74 
upper subscapular nerve 42 


V 


valves 6 

varicose veins 256 

vastus intermedius 179, 181, 268t 
nerves to 178 

vastus lateralis 179, 180, 268t 
nerve to 178 

vastus medialis 163, 179, 180-181, 268t 
nerve to 178 

veins 6 

ventral 3 

ventral ramus 8 

ventral root 7-8 

venules 6 

vertebra prominens 43 

vertebrae, spines 43 

vincula tendinum 109, 252 


W 


white ramus communicans 9 
wrist 

deep fascia 66 

extensor tendons 118t 

surface anatomy 55-57 
wrist joint 130-132 


X 
X-rays 19-20 
xiphoid process 28 


Z 


zona orbicularis 211 


